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PREFACE. 



This Compend of Physiology is the outgrowth of the author's system of 
examinations in the Quiz room during a number of years, and was written 
at the request of medical students who desired a compact and convenient 
arrangement of the fundamental facts of human physiology. As most 
medical students enter upon the study of physiology befpre they have 
acquired a thorough knowledge of anatomy, it was thought desirable that 
such anatomical details should also be inserted as would be essential 
to a clear conception of the functions about to be studied. It was believed 
that it would be practically useful to students during their attendance upon 
lectures and in reviewing the subject prior to examinations. The fact 
that during the first year after its publication the first edition has been 
exhausted, proves that it has met the needs of students. 

In preparing a second edition the author has carefully revised the en- 
tire work, and inserted some fifteen pages of additional matter, which it is 
hoped will still further increase the usefulness of the book. 

To those teachers of physiology who have kindly noticed and recom- 
mended the Compend to their students I tender my thanks, and trust that 
in its improved condition it will continue to merit their approval. 

I2IO Race Street. ALBERT P. BRUBAKER. 

May 1st, 1884. • 
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HUMAN PHYSIOLOGY. 



Physiology, from ^t)(rt<;, nature, and ^oyoq^ a discourse, in its origi- 
nal application embraced the study of all natural objects, inorganic as well 
as organic. In its modem application physiology sigfiifies the study of 
life; the investigation of the vital phenomena exhibited by all organic 
bodies, vegetable and animal. 

It may be divided into — 

1. Vegetable physiology, which treats of the phenomena manifested by 
the several structures of which the plant is composed. 

2. Animal physiology, which treats of the phenomena manifested by the 
organs and tissues of which the animal body is composed. 

Human Physiology is the study of the functions exhibited by the 
human body in a state of health. 

A Function is the action of an organ or tissue. 

The Functions of the Human Body may be classified into three 
groups, viz. : — 

1. Nutritive functions, which have for their object the preservation of 
the individual; e. g., digestion, absorption, circulation of the blood, 
respiration, assimilation, animal heat, secretion and excretion. 

2. Animal functions, which bring the individual into conscious relation- 
ship with external nature; e, g., sensation, motion, language, mental 
and moral manifestations. 

3. Reproductive function, which has for its object the preservation of 
the species. 

The facts of human physiology have been determined by means of 
anatomy, chemistry, pathology, comparative anatomy, vivisection, the 
application of physics, etc. 

The Body may be studied from a chemical and structural point of view. 
B 9 



, CHEMICAL COMPOSITION OF THE HUMAN 
BODY. 

Of the Sixty-four Chemical Elements, about sixteen eiiler into the 
jompoaition of the body, in ihe following [jtopotlions: — 

■ OxyEen 7200 i O. H. and C. are found in all the tissues and 

¥ Hydrogen 9.10 I fluids of the body, without exception. 

r Nitrogen 2,50 f O. H. C. and N. found in most of the fluids 

[ Carbon ..,13.50 J aad all tissues except fat. 

F Sulphur 147 In Hbria, casein, albuoien, gelatin; as potas- 
sium sulpho-cyanide in saliva; as alkaline 

IPhosphorus (.15 In fibrin and albumen; in brain; as tri-sodium 

phosphate in blood and saliva, etc. 

I 'Calcium 1.30 As calcium phosphate in lymph, chyle, blood, 

saliva, bones and teeth. 

.lo As sodium chloride in all Ouids and solids of 

the body, except enamel; as sodium sul- 
phate and phosphate in blooii and muscles 

.026 As potassium chloride in muscles; generally 

found with sodium as sulphates and phos 
phates. 

.001 Generally in association with calcium, as phos 

phalli, in bones. 

1 combination with sodium, potassium anr 
other bases, in all the Suiils and solids. 

s& As calcium fluoride in bones, teeth and urine. 

.01 In blood globules; as peroxide in muscles. 

,a trace ., In blood, bones and hair. 

\ ICanganeaium, a trace Probably in hair, tiones and nails. 

Of the four chief elements which together make up 97 ftr cent, of the 
Imdy, O. H. N. are eminently mobile, elaslii, and possess great atomic heal. 
C. II. N. are distinguished for the narrow range and feebleness of their 
afFinilies and chemical inertia. C. has the greatest atomic cohesion, 
is noted for the number and intensity of its combinations, and its remark- 
able display of chemical activity, 

CheniiCBt Elements do not exist alone in the body, but are combined 
In charBCIcrislic proportions to form compounds, Ihe pToximalt princ^Ut, 
vhich are the ultimate compounds to which the fluids and solids ci 



Magnesium 001 

Chlorine 085 . 

I Fluorine oS 



II reduced, 



CHEMICAL COMPOSITION OF THE HUMAN BODY. 11 

Proximate Principles exist in the body under their own form, and can 
be extracted without losing their distinctive properties. 

There are about om hundred proximate principles, which are divided 
into four classes, viz : inorganic^ organic^ non-nitrogenized^ organic nittO' 
genized, zxiA. principles of waste. 

I. INORGANIC PROXIMATE PRINCIPLES. 

SUBSTANCE. WHBRB FOUND. 

Oxygen Lungs and blood. 

Hydrogen Stomach and intestines. 

Nitrogen , Blood and intestines. 

Carbonic anhydride Expired air of lungs. 

Carburetted hydrogen i 

Sulphuretted hydrogen | ^ungs and intestines. 

Water Found in all solids and fluids. 

Sodium chloride In all fluids and solids except enamel. 

Potassium chloride In muscles, liver, saliva, gastric juice, etc. 

Ammonium chloride Gastric juice, saliva, tears, urine. 

Calcium chloride Bones, teeth, urine. 

Calcium carbonate Bones, teeth, cartilage, internal ear, blood . 

Calcium phosphate 

Magnesium phosphate 

Sodium phosphate 

Potassium phosphate 

Sodium sulphate ^ 

Potassium sulphate / Universal,exceptmilk,bile and gastric juice. 

Sodium carbonate ) 

Potassium carbonate | ^'°°<*' '^"^*' ''^P'^' """'=' «'«• 

Magnesium carbonate Blood and sebaceous matter. 

Inorganic principles enter and leave the body under their own form. 
Water gives elasticity to the tissues and is a general solvent. Sodium 
chloride regulates osmotic action (exudation and absorption), influences 
the form and consistence of blood corpuscles. Calcium phosphate gives 
solidity and resistance to bones. 

II. ORGANIC NON.>IITROQENIZED PRINCIPLES. 

FATS. C. O. H. 

Palmitin, -k Palmitic acid, ^ 

Stearin, >■ Neutral Fats. Stearic acid, \ Fatty Acids. 

Olein, J Oleic acid, J 

The Neutral fats t when combined in proper proportions, constitute a 
large part of the fatty tissue of the body; they are soluble in ether> chloxok- 



In all fluids and solids of the body. 



form and hot alcohol ; insoluble in cold alcohol and water, and liquefy at a 
high temperature; by boiling with a caustic alkaii they are decomposed 
into glycerine and fatty acids. 

The /ii//)' anV/j- combioed with sodinm, potassium and calcium, are found 
u salts in various tluids of the budy, such as blood, chyle, fisces, etc. 
I Phosphorized fats in nervous tissue, butyric acid in milk, propionic acid in 
B*eit, are also constituents of the body. 

t is derived from the food, stored up in the fornt of vesicles in and 

amund Che various anatomical structures and beneath the skin, constituting 

the adipose tissue; it serves as a non-conductor of heat, and gives round- 

is and form to the body. During the process of nutrition fat undei^oes 

_ oxidation, which is attended by the evolution of heat and Ihe manifestation 

muKculai: and oervous force. 

Glycogen, or Amyloid substance. 

Lactose, or Milk sugar. 

Dextrose, or Grape sugar. 

Inosite, or Muscle sugar. 

Dextrine. 
Sugar is found in many of the tissues and fluids of the body, t. g., liver, 
placenta, blood, milk, muscles, etc. The varieties of sugar arc soluble in 
water, assume the crystalline form upon evaporation, and are converted 
into alcohol and carbonic anhydride by fermentation. Sugar is derived 
from the food, is absorbed into the blood, where it largely disappears, 
undergoing a transformation into fat : or it is directly oxidised and con- 
_ tributes, tike the fats, to the production of heat and force. 

III. ORGANIC NITROGENIZED PRINCIPLES. 



Albumen. Myosin, Mucin. 

Albuminose. Protagon. Chondrin. 

Fibiin. Pepsin. Elastin. 

Casein. Pancreatin. Keratin. 

Ostein. Salivin. Globulin. 

The Albuminous compaunds are organic in their origin, being derived 
Tram the animal and vegetable world ; they are taken into the body as 
food, appropriated by the tissues, and consiiinte their oi^nic basis ; they 
(lilTer from the noa-nilrogenized substances in not being crystalline, but 
amorphous, in having a more complex but just as definite composition, and 
containing in addition to C. O. H., nitrogen, with, at times, sulphur and 



pihasphonia. The albumens possess characteristics which distinguiEh them 
from all other substances: vii., a moUetilar mobility, which permits 
isomeric modifications to take place with great facility, linder favorable 
conditions they promote chemical changes, by their presence [cata/yiis) in 
other substances; i. f., during digestion, salivin and pepsin cause starch 
and albumen to be Irausrormed into sugar ai^d albuminose respectively. 
Different albumens possess varying proportions of water, which they lose 
when subjected to debiccation, becoming solid; but upon exposure to 

jiBture they again absorb water, regaining their original conditiou — they 
are hygroscopic. Another properly is that of coagnlatiim, which takes 
place under certain conditions: f.^.,the presence of mineral acids, heat, 
alcohol, etc. 

After death the albuminous compounds undergo putrefactive changes, 
giving rise to carburetted and sulphuretted hydrogen and other gases. 

A/iumtn exists in the blood, lymph, chyle, constituting the pabulum of 
ihe tissues; it is coagulated by heat, mineral acids and alcohol. 

Peptotiis are formed in the stomach from the digestion of albuminous 
rprinciplesof Ihe food; they are coagulated by tannic acid, chlorine, acetate 
■ of lead, and characterized by great diffusibility, which permits them to pass 
I' through animal membranes with facility. 

Fibrin can be obtained from freshly drawn blood by whipping; it also 
coagulates spontaneously, and when examined microscopically exhibits a 
filamentous structure. 

Castin is the albuminous principle of milk. 

Ostein constitutes the organic basis of bone, with which are mingled the 

Myosin is found in niUBCles, frolngoH in brain, pepsin, fancrealin and 

n the digestive fluids. 
Mucin, chondrin, elastin, keratin and gtobuHn, are found in mucus, 
cartilage, elastic tissues, hair, nails, and red corpuscles, respectively. 
As the properties of the compounds formed by the union of elements 
B the resultants of the properties of (he elements themselves, it follows 
L that the ternary substances, sugars, starches and fats, possess a great 
I inertia and notable instability; while in the more complex albuminous 
' compounds, in which sulphur and phosphorus are united to the four 
chief elements, molecular mobility, resulting in isomerism, exists in 
a high degree. As thehe compounds are unstable, of a great molecular 
mobility, they are wel! fitted to take part in the composition of organic 
bodies, in which there is a continual movement of composition and 
decomposition. 



H° 

^^^^^p These ptiaciples, which represent waste, are of organic origin, arising 
^^^^""iritlliD the body as products of disassirailation or retrograde metaoiDrphosis 
of the tissues; they are absorbed by the blood, carried to the various excre- 
tory organs, and by them eliminated from the body. 

The excremenlitious substances will be fully considered under excretion. 

Proxiinate Quantity of the Chemical Elements and Proximate 
Principles of Body Weighing 154 tbs. 



■• Crealinin. 
I' Cholesterin. 



IV. PRINCIPLES OF WASTE. 
Xanthin. Sodium, 

Tyrosin. Potassium, 

Hippuric Acid. Ammonium, 

Calcium Oxalate. Calcium, 



k 



Oiygen iii 

Hydrogen 14 

Nitrogen 3 

Calcium J 

Phosphorus i i 

Sodium, etc r 



Water Ill 

Albuminoids 23 

Fats 12 



Calcium phosphate,. , 
Calcium carbonate... 

Calcium fluoride 

Sodium sulphate, etc 



TROCTtJRAL COMPOSITION of THE BODY. 

The Study of the Structure of the body reveals that it is composed 
of dissimilar parts, -r. .f., banes, muscles, nerves, lungs, etc.; while these, 
again, by closer examination, can he resolved into elementary struMurea, 
the tissue], t. i',. connective tisane, muscular, nervous, epithelial tissue, etc. 

MicroscopicBt examination of the tissues shows that they are com- 
posed of fundamental structural elements, termed cf//j. 

Cells are living physiologies.! units; the simplest structural forms 
capable of manifesting the phenomena of life. 

Cells vary in their anatomical constitution in the diiferent structures of 
the body, and may be classed in three groupn, vii.: 1. Cells possessing a 
distinct ct/i mull, tell subslana and a nuelnu. 1. Cells possessing a cell 
suiitance and a ttUileiis. 3. Cells posscKing the cell luhlamt only. 
They vary in siie from Ihe jj^j to the ,ij of an inch in diameter; 
when young and free to move in a fluid mediurn Ihey assume the Bphcric«I 



' St 



pressure, may become flattened, cylinilricat, 



farm; buC when subjected 
tusiform or stellate. 

Structure of cells. The cell wall is not an essential structure, as many 
cells are entirely ilevoid of it. It is a thin, structureless, transparent 
membrane, penneable to fluids. 

Tbe Cell Substance in young cells is a soft, viscid, albuminous matter, 
unstable, insoluble in water, and known as protoplasm, khplasm, sarcodt, 
older cells the original cell substance undergoes various Irans- 
formalions, and is partly replaced by fat globules, pigment and crystals. 

The Nucleus is a small vesicular body iu the interior of the cell sub- 
:, and frequently contains smaller bodies, the ituclio/i, 

MANIFESTATIONS OF CELL. LIFE. 
Growth. Cells when newly Formed are cuccedingly small, but as they 
approach maturity they Increase in siie, bythe capability which the cells 
possess of selecting and appropriating new material as food, vitalising and 
otganiiing it. The extent of cell groiith varies in iJIHetenl lissnes; in 
the cells remain eiceedlngly small, in others they attain considerable 
In many instances the cell substance undergoes trans formalion intu 
tw compounds destined for some ulterior purpose. 
Reproduction. Like all organic structures cells have a limited period 
of life ; their continual decay and death necessitates a capability of repro- 
duction. Cells reproduce themselves in the higher animals mainly by 
fission. This is seen in the white blood corpuscles of the young embryos 
of animals ; the corpuscle here consists of a cell substance and nucleus. 
When division of the cell is about to take place, the nucleus elongates, 
the cell substance assumes the oval form, a constriction occurs, which 
gradually deepens, until the original cell is completely divided and 
iv cells arc formed, eaeb of which soon grows to the size of the 

In cells provided with a cell membrane the process is somewhat diiferen I. 
' In the ova of the inferior animals, after fertilization has taken place, a 
furrow appears on the opposite sides of the cell substance, which deepens 
until the cell is divided into two equal halves, each containing a nucleus ; 
this process is again repeated until there are four cells, then eight, and so 
on until the entire cell substance is divided into a mulberry mass of cells, 
completely occupying the interior of the cell membrane. The whole 
process of s^mentatlon takes place with great rapidity, occupying not 
e than a few minutes, in all probability. 
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Motion. SpontaneouE movement has been observed in manj of the 
cells of the body. It may be studied, for enample, in the movements of 
Ihe spermatoaja.lhe waving of the cilia covering Ihe cells of the bronchial 
iU5 membrane, the while cnrpuscleB of the blood, etc. 
a combination na6 transformalion of these origina.1 structural elements, 
and material derived from them, all the tissues are formed which enter into 
the structure of the human hody. 

CLAaSlFlCATiON OF TISSUES. 

I. Homogeneous Substance, a more or less solid, albuminous struc- 
tnre, filling the spaces between the cells and fibres of various tissues, t. g., 
cartilage, bone, dent i tie, etc. 

II. Limiting; Membrane, a thio, homogeneous membrane, structure- 
less, cotaposed of coa^Ialed albumen, and of^en not more than the 
jTlijns of an inch in thickness, found lining the blood vessels and lymph- 
atics, fanning the basement membrane of Ihe skin anil mucous mem- 
branes, the posterior layer of the cornea, the capsule of the ctyitalline 

in. Simple fibrous or filamentous tissue — the elements of which 
are real or apparent filaments. 

(a) Cmtneelivt or areolar; -,fhile fihrou! tinut ; Constituting tendons, 
ligaments, aponeuroses, periosteum, dura mater, synovia! membrajies, vas- 

(b) Yfllow elastic lissut, found in the middle coats of arteries, veins, 
lymphatics, ligamentum nachz, vocal cords, ligamenla subSava, etc. 

IV. Compound membTanes (niembrano- cellular or fibro- cellular 

(a) Epidtrmie Hssut ; (b) epitheKal lissut; (c) glnndular lisstie ; 

V. Cells containing coloring; matter, or pigment cells, f.^., skin, 
choroid membrane, etc. 



VII. Cells imbedded in an intercellular substance, ;. f., < 
erystalliue lens, etc. 

VIII. Cells aEgregated it> clusters, forming tissues men 
solid, f. g., adipose tissue, lymphatic glands. 

IX. Cells imbedded in a matrix of capillaries, t. g., gray or ■ 



FOOD. 17 

X. Cells whose coalesced cavities form tubes containing liquids or 
secondary solid deposits, e. g.^ vascular tissue, dentine. 

XI. Cells free, isolated, or floating — fluid tissue — e, g,, red and white 
blood corpuscles, lymph and chyle corpuscles. 

FOOD. 

A Food may be defined to be any substance capable of playing a part 
in the nutrition of the body. 

Food is required for the repair of the waste of the tissues consequent 
on their functional activity, for the generation of heat afid the evolution of 
force. 

Hunger and Thirst are sensations which indicate the necessity for 
taking food ; they arise in the tissues at large, and are referred to the 
stomach and fauces, respectively, through the sympathetic nervous system. 

Inanition or Starvation results from an insufficiency or absence of 
food,'the physiological effects of which are hunger, intense thirst, intestinal 
uneasiness, weakness and emaciation; the quantity of carbonic acid 
exhaled diminishes and the urine is lessened in amount ; the volume of the 
blood diminishes; a fetid odor is exhaled from the body; vertigo, stupor 
followed by delirium, and at times convulsions, result from a disturbance 
of the nerve centres ; a marked fall of the bodily temperature occurs, from 
a diminished activity of the nutritive process. Death usually takes place, 
from exhaustion. 

During starvation the loss of different tissues, before death occurs, aver- 
ages ^, or 40 per cent, of their weight. 

Those tissues which lose more than 40 per cent, are fat, 93.3 ; blood, 75 ; 
spleen, 71.4; pancreas, 64. i; liver, 52; heart, 44.8; intestines, 42.4; muscles, 
42.3. Those which lose less than 40 per cent, are the muscular coat of the 
stomach, 39.7; pharynx and oesophagus, 34.2; skin, 33.3; kidneys, 31.9; 
respiratory apparatus, 22.2; bones, 16.7; eyes, 10; nervous system, 1.9. 

The Fat entirely disappears, with the exception of a small quantity which 
remains in the posterior portion of the orbits and around the kidneys. The 
Blood diminishes in volume and loses its nutritive properties. The Muscles 
undergo a marked diminution in volume and become soft and flabby. 
The Nervous system is last to suffer, not more than two per cent, dis- 
appearing before death occurs. 

The appearances presented by the body after death from starvation are 
those of anaemia and great emaciation ; almost total absence of fat ; blood- 
lessness ; a diminution in the volume of the organs •, a.w ^'kv-^n.^ cLorc^^^scsaw 
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of ihe stomach and boweis, the coats of which are thin and transparent. 
There is a marked disposition of the body to undergo decomposition, 
giving rise to a very fetid odor. 

T^e dura/icn of life a-Hei a. complete deprivation of food varies from 
eight to thirteen days, though life can be maintaiaed much longer if a 
quantity of water be obtained. The water n more essential under these 
drcumstances than the solid matters, which can be supplied by the 
organism itself. 

The dilferent alimentary principles which are appropriated by the 
system arc combined in diflerent proportions in the various articles of 
food, and are separated from the innutrilious substances during the process 
of digestion. They belong to the organic and inorganic worlds, and may 
be classified, according to their chemical composition, as follows : — 

CLASSIFICATION OF ALIMENTARY PR1NCIPL.E3. 
I. Albuminous group —nitrogenized, C. O. H. N. S. P. 

Myosin. lynMnin Flesh of animals, 

!Vil/lliH, albam/H Yolk of egg, white of egg. 
Fibrin, glabulin Blood contained in meal. 
Casein Milk, cheese. 
CltlttH „ Grun of wheat and other cereals. 
Vigttable albumen Soft growing vegetables. 
Legumin Peas, beans, lentils, etc. 
Gttatin _ Bones. 
a. Saccharine group— non-nitroBenized, C. O. H, 
Cone sugar beet root lugar. Sugar cane, beets, etc. 
Glucose, grape sugar. Fruits, 
jHosile, Huer iugar, glycogen Muscles, liver, etc, 
Laefote or milk sugar Milk. 
Starch Cereals, tuberous roots and legu- 
minous plants, 
3. OlcBglnoua group -non -nltragenized, C. O. H. 
Animal fats and oils... [ Found in the adipose tissue of 

Stearin, olHn I animals, seeds, grains, nuts, fruits, 

Palmtitin, fatty acids.. J and other vegetahle tissues. 

4, Inorganic group. Water, sodium and potassium chlorides, sodium, 
calcium, magnesium and potassium phosphates, calcium carbonate and 
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. Vegetable acid group. Malic, citric, ta.rtaric and other acids, 
(ound pdndpall)' in fniits. 

6. Accessory foods. Tea, coffee, alcohol, cocoa, etc. 

The Albuminous prinnfla enter largely into the composition of (he 
body, and constitute the organic bases of the different tissues; tbey are 
mainly required for the growth and repair of the tissues, but when oxidiied 
give rise, to some extent, to the evolution of heat and force. Muscular 
work, however, does not result from a destruction of the albuminous com- 
pounds. The oxidation of the carbonaceous compounds, sugars and oils, 
furnishing the force which is transformed by the muscular system Into 
motor power. When employed exclusively as food for any length of time 
the albuminous substances are incapable of supporting life. 

The Saccharin! prindpUs are important to the process of nutrition, but 
the changes which they unde^o are not fully understood ; they form but a 
small proportion of the animal tissues, and by oxidation generate heat and 
force. Starch undergoes conversion into dextrin and grape si^ar. 

The OUaginnHS pHnHphs form a large part of the tissues of the body. 
They are introduced into the system as food, and are formed also from a 
transformation of saccharine and albuminous matter during the nutritive 
process \ they enter into the composition of nervous and muscular tissue, 
and are stored upas adipose tissue in the visceral cavities and subcutaneous 
connective tisue, thus giving roundness to the form and preventing, to 
some extent, the radiation of heat. While they aid io the reconstruction 
of tissue, they mainly undergo oxidation, giving rise to the production of 
heat and the evolution of muscular and nervous force. 

The Inorganic prituipla constitute an essential part of all animal tissues, 
and are introduced with the food. 

H'a/cr is present in all fluids and solids of the body, holding their 
ingredients in solution, promoting the absorption of new material into the 
blood and tissues, and the removal of waste ingredients. 

Sodium chloritie is an esseutial constituent of all tissues, regulating the 
passage of fluids through animal membranes (endosmosjs and exosmosis). 

Calcium phosphati gives solidity to bones and teeth. Constituting more 
than one-half their substance. 

Iron is a constituent of the coloring matter of the blood. 

The Vegetabli acids are important to nutrition, and tend to prevent the 
scorbutic dialhesiB. 

The Accessory foods also influence the process of nutrition. Tta excites 
the respiratory function, increasing the evolution of carbonic acid. Coffre 
is a stimulant to the nervous system; increases the force a( \ki<i \<?;a^'s> 
action, increases the arterial tennon and te\»\&a 'hb^Hk. 



Aleohol, when introduced into the system io small guaniitia, nttder- 
goes oxiijalion and cuntributes to tlie production of force, and is tlius 
far a food. It excites the gastric glands to increased secretion, improTea 
Ihe digestion, accelerates the aclion of the heart and aimulales the 
activities of the neivous cenlreE. In zymotic diseases, nnd all cases of 
depression of the vital powets, it is most useful as a restorative ^ent. 
When taken in excessive quanlities, it is eliminated by the lungs and 
kidneys. The metamorphosis of the lis.™es is retarded, the etiminalion of 
urea and carbonic acid is lessened, the temperature lowered, the mus- 
cular powers impaired and the resistance to depressing external influences 
diminished. When taken through a long period of time, alcohol impairs 
digestion, produces gastric catarrh, disorders Ihe secreting power of the 
hepatic cells. It also diminishes the muscular power and destroys the 
structure and composition of the cells of the brain and spinal cord. The 
connective tissue of the body increases in amount, and subsequently con- 
tracting, gives rise to sclerosis. 

A proper combination of different alimenlaiy principles is essential 
for healthy nutrition; no one class being capable of maintaining life for 
any deBnite length of time. 

The Albuminous food in excess promotes the arthritic diathesis, raani- 

! Testing itself as gout, gravel, etc. 
The Oleaginous focd in excess gives rise to the bilious diathesis, while 
I a deficiency of it promotes the scrofulous. 
The FaTinaitous food, when long continued in excess, favors the rheu- 
imatic diathesis by the development of lactic acid. 
The Alimenlory Principles are not introduced into the body as such, 
but are combined in proper proportions to form compound substances, 
'termed foods, e. g., bread, milk, eggs, meat, etc., Ihe nutritive Value of 
each depending upon the extent to which these principles exist. 
PERCENTAGE COMPOSITION OF DIFFERENT FOODS. 
Brei 
Mill 
Ere 
Mu 
PoU 
Con 
lOati 
'.Tur 
\-Cxi\ 
Xici 
k 



F Bread 37 8." 47-4 3-6 1.6 

I Milk 86 4,1 ... 5.2 3.9 

Ek» - 74 '4-0 10.S 

Meat S4 27.6 15.45 

Potatoes TS 2.1 18.8 32 0.3 

r Com 14 i[,l 64,7 0.4 8.1 

lOatmcal „ 15 tz.6 5S.4 5.4 5,6 

T.Tumips 91 1.2 5.1 2.1 

J.arroi» 83 1.3 8.4 6.: o.j 

%3iice. 13 6.3 79.1 0.4 0.7 
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The Amount of food required in 24 hours has been estimated at about 
5^ pounds, comprising meat, 16 oz. ; bread, 19 oz. ; fat, 3^ oz. ; water, 
52 fluid oz. 

In the excreta of the body the normal proportion of nitrogen to carbon 
is I to 15. To maintain this relation, a proper proportion of nitrogenized 
to carbonaceous food should be observed in diet. The proportion in the 
excreta would be — 

On a meat diet nitrogen i to carbon 3 

On a bread diet " i " 30 

On a mixed diet " 2 " 33 

Or "I " 16 

The amount of nitrogen and carbon necessary to compensate for the 
loss would be contained ini6 oz. of meat and 2 lbs. of bread ; as, however, 
usually 3 oz. of oil are consumed in 24 hours, only 19 oz. of bread are 
required. 

COMPARISON OP INQESTA AND EGESTA IN 24 HOURS. 

FOOD, DRINK, AIR. OZ. BXCKBTIONS. OZ. 

^Ib"'"^" 4.23 Breath i ^"^'^^^ *^^^ \ 43.40 

Starch 11.63 \ watery vapor/ **->** 

^*^ 3.17 Perspiration /^^;f"^^^:^in 23.62 

Salts 1. 13 ^ \ watery vapor / *5 

Water (6 pints) 93.00 Urine 66.31 

Oxygen 26.24 Solid excreta 6.07 



Total 13940 Total 13940 

DIGESTION. 

Digestion is a physical and chemical process, by which the food is 
changed by the action of solvent fluids into a form capable of being 
absorbed into the blood. 

The Digestive Apparatus consists of the alimentary canal and its 
appendages, viz : teeth, salivary, gastric and intestinal glands, liver and 
pancreas. 

Digestion maybe divided into seven stages; prehension, mastication, 
insalivation, deglutition, gastric and intestinal digestion and defecation. 

Prehension, the act of conveying food into the mouth, is accomplished 
by the hands, lips and teeth. 
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Mastication is the trituraiion of tlie food, and is accomplished by the 
leetli and lower jaw, under the influence of mu!icular contraction. When 
Ihoroughly divided, the food presents a greater surface for the solvent 
■clioQ of the d^stive fluids, thus aiding the general process of digestion. 

The Teeth are thirty-two in number, sixteen in each jaw, and divided 
into four incisors or cutting teeth, two canines, four bicuspids, and six molars 
or grinding teelh ) each looth consists of a crown covered by enamel, a 
neck, and a root surrounded by the crusta pelrosa, and imbedded in the 
alveolar process; a section through a tooth shows that its substance is 
made up of dmtiiie, in the centre of which is the pulp cavity, containing 
blood vesseb and nerves. 

The Imaer javi is capable of making a downward and an upward, a 
lateral and an antero- posterior movement, dependent upon the conslruc- 
lion of the temporo- maxillary articulation. 

The jaw is dtprand by the contraction of the digastrie, genio- hyoid, 
myln-kyoid axiA pla/ysma mjioides muscles ; elevated by the temporal, maialer 
and iitltmal pterygoid laascXes; moved laieraUy by the alternate contrac- 
tion of the irjc/<«»o//WirrXfpii/ muscles; moved oHleriorly hy Wie p/trygoid 
and posteriorly by the united actions of the genia.kyoid, mylohyoid and 
posterior fibres of the temporal muscle. 

The food is kept between the teeth by the intrinsic and exlriniic mus- 
cles of the tongue from within, and the orbicularis oris and buceinater 
muscles from without. 

The Movements of Mastication are called forth by refiex aclivn 
■ through the medulla oblongata, induced by Ihc presence of food in (he 
I mouth. 

NERVOUS CIRCLE OP MASTICATION. 



. Lingual branch of 5th pair. 
3. Closso- pharyngeal. 



I. 3d branch of 5th pair. 
E. Hypo -glossal. 

Itisalivation is the incorporation of the food with the saliva secreted 
by the parotid, sub-maxillary and mb-HHgual glands; the parotid saliva, 
thin and wittery, is poared into the mouth through Steni's duct; the sub- 
maxillary and sub-lingual salivas, thick and viscid, are poured into the 
mouth thiDugh Wharton's and Bartholini's ducts. 

Saliva is an opalescent, slightly viscid, alkaline fluid, having a spedlic 
gravity of 1.005. Microscopical examination reveals the presence of 
talivary corpuscles and epithelial cells. Chemically it is composed of 



DIGESTION. 28 

water, proteid matter, a ferment (ptyalin) and inorganic salts. The 
amount secreted in 24 hours is about 2^ lbs. Its function is twofold: — 

1. Physical. — Softens and moistens the food; glues it together, and 
facilitates swallowing. 

2. ChemicaL — Converts starch into grape sugar. This action is due to 
the presence of the organic ferment, ptyalin. The change consists in the 
assumption of a molecule of water. 

Starch. Water. Grape sugar. 

C6Hio05 + H2 = CeH,30e 

NERVOUS CIRCLE OF INSALIVATION. 

AFFERENT OR BXCITOR NERVES. EFFERENT OR MOTOR NERVES. 

1. Lingual Branch of 5th pair. i. Auriculo-temporal branch of 5th 

2. Glosso-pharyngeal. pair, for parotid gland. 

2. Chorda tympani, for sub-maxil- 
lary and sub-lingual glands. 

The centres regulating the secretion are two, viz. : The medulla oblon- 
gata and the sub- maxillary ganglion of the sympathetic; the latter 
acting antagonistically to the former. Impressions excited by the food 
in the mouth reach the medulla oblongata through the afferent nerves; 
motor impulses are there generated which pass outward through the 
efferent nerves. 

Stimulation of the auriculo-temporal branch increases the flow of 
saliva from the parotid gland; division arrests it. 

Stimulation of the chorda tympani is followed by a dilation of the blood 
vessels of the sub-maxillary glands, increased flow of blood (thus act- 
ing as a vaso dilator nerve) and an abundant discharge of a thin saliva ; 
division of the nerve arrests the secretion. 

Stimulation of the cervical sympathetic is followed by a contraction of 
the blood vessels, diminishing the flow of blood (thus acting as a vaso- 
constrictor nerve) and a diminution of the secretion, which now becomes 
thick and viscid; division of the sympathetic does not, however, com- 
pletely dilate the vessels. There is evidence of the existence of a local 
vaso-motor mechanism, which is inhibited by the chorda tympani ; exalted 
by the sympathetic. 

. Deglutition is the act of transferring food from the mouth into the 
stomach, and may be divided into three stages: — 

1. The passage of the bolus from the mouth into the pharynx. 

2. From the pharynx into the oesophagus. 

3. From the oesophagus into the stomach. 
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In the r^£ J^^^'i which is entirely voluotary, the 
nspintion momenlarily suspended; the tongue, placed against the roof a! 
the mouth, arches upward and backward, and forces the bolus into the 

In the ^rf itagi, which is entirely reflcii, the pnlate is made tense and 
directed upward and backward by the tevatores-palati and tensores-palati 
muscles; the bolus is grasped by the superior constrictor muscle of the 
pharynx and rapidly forced into the lEsophogus. 

The food is prevented from entering the fioiierior narci by the uvula 
and the closure of the posterior half-arches (the palato-pharyngei muscles); 
from entering the taryax by its ascent Under the base of the tongue and 
the action of the epiglottis. 

In the jif ^ag' the loiigitudinal and circular muscular hbres, contract- 
ing from above downward, .r^rv^ the bolus into the stomach. [Kur nervous 
roechanisin of Deglutition see Medulla Oblongata.] 

Gastric Digestion. The stomach is a dilatation of the alimentary 
canal, 13 inches long, 5 inches deep, having a capacity of about 5 pints; 
be distinguished a cardiac and pyloric oril^ce, a greater and 
ature. a greater and iesser pouch. 
It possesses three coals; — 

Serous, a reHection of the peritoneum. 

Muscular, the fibres of which ace arranged longitudinally, trans- 
inely and obliquely. 

Mucous, thrown into folds, forming the ruga:; imbedded in the 
us com nre inmense numbers of mucous and true gastric glands ; the 
Ibrmer, found in the pyloric portion, are lined by columnar epithelium 
throughout their depth; the latter, the true peptic cells, are found in the 
cirdiac end, and mainly contain oval, spherical Cells, which are granular 
and nucleated. 

During the inlervals of digestion the mucous membrane of the stomach 

is pale and covered with b layer of mucus. Upon the introduction of 

food the blood vessels dilate and become filled with blood, and the 

mucous membrane becomes red. At the same time smalt drops of a Quid, 

ice, begin to exude upon its surface, which gradually run 

;«her and trickle down the sides of the stomach. 

The Gastric Juice Is a secretion of the true peptic cells, and when 

~ lained from the stomach through a fistulous opening, is a clear, 

■v-colorcd fluid, decidedly acid, with a specilic gravity uf 1,005 'o 
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COMPOSITION OP GASTRIC JUICE. 

Water 975-00 

Pepsin 15.00 

Hydrochloric acid 4.78 

Inorganic salts 5,22 

1000.00 

The water forms the large part of the fluid, and holds in solution the 
other ingredients. It results from a transudation from the blood vessels 
under the increased blood supply. Of the inorganic salts the chlorides of 
sodium and potassium are the most abundant. 

Pepsin is the organic nitrogenized ferment of the gastric juice, and is 
formed, during the intervals of digestion, by the peptic cells. In the pres- 
ence of a small per cent, of an acid, it acquires the property of converting 
the albumen of the food into albuminose or peptones. 

Hydrochloric acid is present in small quantity, and gives the juice 
its acidity. In all probability, its production is due to the activity of the 
peptic cells. 

These two characteristic ingredients of the gastric juice exist in a state 
of combination as hydrochloro-peptic acid, and the presence of both is 
absolutely essential for the complete digestion of the food. When the food 
enters the stomach it is subjected to the peristaltic action of the muscular 
coat, and thoroughly incorporated with the gastric juice. This fluid pos- 
sesses the property of attacking the connective tissues of the food, disin- 
tegrating it and dissolving out the alimentary principles. 

The Principal Action of the gastric juice, however, is to transform 
the different albuminous principles of the food vaXjo peptones or albuminose. 
Before digestion they are insoluble in water and incapable of being 
absorbed. After digestion they become soluble and are readily absorbed. 
Peptones differ from the albumins in being — 

1. Diffusible^ passing rapidly through the mucous membrane and walls 
of the blood vessels. 

2. Non-coagulable by heat, nitric or acetic acids; but are readily 
precipitated by tannic acid. 

3. Soluble in water and saline solutions. 

4. Assimilable by the blood ; when injected into it they do not reappear 
in the urine. 

Gastric juice exerts no influence either upon grape sugar, cane sugar, 
starch or fat. 
i: c 



Gastric Digestion occupieG on the a.verage from 3 to 5 hours, bill 
varies in duralion according to the nature and quantity of the rood,eietciEC, 
temperature, etc. 

The Amount of gastric juice secreted in jfl hours varies, under normal 
conditions, from S 10 14 pounds. 

MovemenlB oF the Stomach. As soon as digestion commeucea, the 
cardiac and pyloric orifices are closed; the walls of the stomach contract 
upon the food, and a peristaltic action hegins, which carries [he food along 
the greater and lesser curvatures, and thoroughly incorporates it »ilh the 
gastric juice. As soon as any portion of the food Is digested it passes 
through the pylorus into the intestine, 

IntCBtinal Digestion. The intestine is about 20 feet long, \'/i inches 
in diameter, and possesses three coats: — 

I. Seroui (peritoneal). 

3. Muscular, the libres of which sre arranged longiludinally and trans- 

3. Mucous, thrown into folds, forming the viitvalit lonnivenles. 

This stage of digestion is probably the mosl complex and important \ 
here the dtfferenl alimentary principles are further elaborated and prepared 
for absorption into the blood by being acted upon by the ititestinat juices 
pantreaiic juice and bile. 

ThrDughoul the mucous coal are imbedded the intestinal follicles, Ihe 

glands of Brunner and LieberkUhn. They secrete Ihe trtie inieitinaljiiiet, 

which is an alkaline, viscid fluid, composed of water, organic matter anU 

nils. Its function is to Convert Uank into glucose, and assist in the 

' digestion of the albuminoids. 

The Pancreatic Juice is secreleil by the pancreas, a flattened gland 
Iboat six inches long, running ttaosversely across the posterior wall of the 
abitomen, behind the stumacli ; its duct opens into the duodenum. 

The Pancnatic fluid is transparent, colorless, strongly alkaline and 
viicid, having a specific gravity of 1.040. 

COMPOSITION OF PANCREATIC JUICE. 

Water 900.76 

Pancrealin „ 90'44 

Inorganic sails 8,80 
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The Functions of the pancreatic fluid are : i . To transform starch 
and cane sugar into glucose. 2. To emulsify the oils and fats, and split 
them up into fatty acids and glycerine. 3. To convert albuminoid sub- 
stances into peptones. 

The Emulsification of the fats seems to be the principal office of the 
pancreatic juice, for disease of the pancreas, preventing the discharge of 
its secretion into the intestine, is attended by an abundant discharge of fat 
from the bowels. 

The total quantity of this fluid secreted in 24 hours has not been accu- 
rately determined ; varies from one to two pounds. 

The Bile has an important influence in the elaboration of the food and 
its preparation for absorption. It is a golden-brown, viscid fluid, having a 
neutral or slighly alkaline reaction and a specific gravity of i .020. 

COMPOSITION OP BILE. 

Water 859.2 

Sodium glycocholate ') 

Sodium taurocholate / " '^ 

Fat 9.2 

Cholesterine 2.6 

Mucus and coloring matter 29.8 

Salts 7.8 

1000.00 

The Biliary salts are characteristic ingredients, and are formed in the 
liver by the process of secretion, from materials furnished by the blood. 
They probably aid digestion. 

Cholesterine is a product of waste taken up by the blood from the nervous 
tissues and excreted by the liver. 

The Coloring mcUters which give the tints to the bile are biliverdin and 
bilirubin, and are probably derived from the coloring matter of the blood. 

The Bile is both a secretion and an excretion ; it is constantly being 
formed and discharged by the hepatic ducts into the gall bladder, in which 
it is stored up, during the intervals of digestion. As soon as food enters 
the intestines, it is poured out abundantly by the contraction of the walls 
of the gall bladder. 

The Amount secreted in 24 hours is about 2^ pounds. 

Functions of the Bile, (i) It assists in the emulsification of the fats 
and promotes their absorption. (2) It tends to prevent putrefactive 
changes in the food. (3) Stimulates the secretions of the intestinal 
glands, and excites the normal peristaltic movements oC \3aft.\i«^€>Sk. 
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propelled omvard by v 
the circular and longitudinal muscular fibres. 

As the digested food passes through the in 
are absorbed into the blood, and the residue enters the large intestine. 

The Fseces consist Ehiefly of indigestible matters, excreitn, slircorin 
and salts ; varying in amount from 4 to 7 oi. in 2i, hours. 

Defecation is the voluntary act of extruding the f^Ces from the body ; 
accomplished by a relaxation of the sphincter muscle, the contraction of 
the walls of the rectum, assisted by the abdominal muscles. 

The Qaaes cont^uaed in the stomach and small intestine are oxygen, 
nitrogen, hydrogen, and carbonic acid. In the lai^e intestine, carbonic 
acid, sulphuretted and carburetted hydrogen. They are introduced with 
the food, and also developed by chemical changes in the alimentary canal. 
They distend the intestines, aid capillary circulation, and lend to prevent 

ABSORPTION. 

Absorption has for its object the introduction of new materials into the 
blood, and takes place mainly from the alimentary tract; but also to some 

:tea[ from the skin, respiratory surface and closed cavities of the body. 

The Agenls oi Aisorftion are the veins and lymphatics. 

As a TESult of the process of digestion the different alimentary substances 

e converted into forms which are capable of being absorbed into the 
\'\AooA,t.g., all'HmiHiisr, gliicosi and folly emulsion, viizr and inorganic 

alters undergoing no change, being already in a condition to be absorbed 

id to play a part in the nutritive process. 

The blood vessels which are most active as absorbents, are the gastric, 
superior and in/erur mesentiric veini. They arise in the coats of the 
alimentary canal, and as they converge, unite with the splenic vein to form 
the portal vein, which enters the liver. 

As the digested mass of food, the ckymt, passes through the alimentary 
canal a large portion of it disappears ; the veins absorb -aalir, albuminost, 
glucaie, and inerganic sails, and convey them directly into the liver; the 
blood of the psrtal vein being especially rtoh in these substances. 

At times, after the ingestion of large qaantiliei of oleaginous food, the 
blood vessels take up, in addition, a certain qoantily of fatty matter; but 
this is not usually the case ; the fats being Absorbed by special vessels, the 
fymflialiis 



General Anatomy of the Lymphatic System. The lymphaiici 
eon&tiliite a system of minute, delicate, transparent vessels, which, having 
their origin at the periphery of the body, pass forward toward the cenlri 
and emply into Ihc veins at Ihe base of the neck, by means of the thoracic 
duel. In their course they pass through small ovoid bodies, the lymphati, 

Origin of Lymphatics- The lymphatic vessels commence by a Itni 
capillary plexus, or in irregular lymph spaces, distributed over ihe surfaci 
and throughout the interior of the various tissues of the body. 

The lymphatics of the small intestine, i(( /uc/fti/j, arise within the villous 
processes which cover its inner surface tbroughout itH entire extent. 

Each villus is formed by an elevation of the mucous membrane, corei 
eiternally by a laver of columnar epithelial cells ; in the interior are fot 
numerous blood vessels, non-striated muscular iibrcB, and the beginnings 
of the lacteal vessels. 

The sirtteluri of the larger vessels resembles that of the veins, consisting 
of three costs — 

I. External, composed of fibrous tissue and muscular fibres, arranged 
longitudinally. 2. Middle, consisting of white fibrous and yellow elastic 
tissue, non-striated muscular fibres, arranged transversely. 3. Internal, 
composed of an elastic membrane, lined by epithelial cells. 

Throughout their course are found numerous semt-laitar valves, looking 
toward the larger vessels, formed by a folding of the inner coal and 
strengthened by connective (issue. 

Lymphatic Glands con^st of an external fibrous covering, from the 
inner surface of which partitions of fibrous lissue, Ihe Irabteula, pass inio 
the substance of tbe gland, formiug a stroma or network, in the meshes of 
which are found the true lymph corpuscles. 

The lymphatics which enter the gland are called the afferent vessels; 
those which leave it, the efferent vessels. 

The Thoracic Duct is the general trunk of the lymphatic system, into 
which Ihe vessels of the lower extremities, of the abdominal organs, of Ihe 
left side of the head and lef\ arm empty Iheir contents. It is about twenty 
inches in length, arises in the abdomen, opposite the third lumbar verte- 
bra, by a dilatation, the rectpiaculum chyli; ascends along the vertebral 
cohunn to Ihe seventh cervical vertebra, and terminates in Ihe venous 
system at Ihe junction oF the inlemal jugular and subclavian veins on Ihe 
left side. The lymphatics of the right side of the head, of the right arm 
_ «nd the right side of the thorax, terminate in the right thoracic duel, abijut 



a at the junction of the 
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one inch in length, which joins the venous syst 
internal jugular and subclavian od the tight side. 

Lymph is a cleat, transparent fluid, slightly alkaline, having a saline 
taste and a specific gravity of 1.022. It is found in the lymphatic vessels 
throughout Ihe body. 

Lymph contains a number of corpuscles (the lairocytes) resembling the 
white corpuscles of the blood, which increase in number as it passes 
through the lymphatic glands. They are about ^^ of an inch in diam- 
eter and somewhat granular; Ihey are discharged into the blood, but their 
function is obscure. When withdrawn from the vessels lymph undergoes 
spontaneous copulation, separating into serum and clot, as in the case of 
the blood. 

COMPOSITION OF LYMPH. 

Water 96.536 

Proteids (serum -albumen, fibrin, globulin ) I.jzo 

Extractives (urea, sugar, cholesterine) '. I'SS? 

Fatty matter a trace 

Salts 0.585 



Origin of Lymph. Lymph is undoubtedly a transudation from the 
capillary blood vessels, occurring during the process of nutrition, and is 
identical, for the most part, with the liquor sanguinis, or plasma. As new 
material is constantly exuded, the old is aiisoibed tiy the lymphatics, and 
ned again to Ihe circulation. 
ExrrimcnliiioH! matters, as urea, tholes/trine, etc., are also taken up 
■ tissues by the lymphatics and emptied, iiilo the blood. 
Dial quanlily of lymph poured into the Ihoracic duct in 24 hours 
* kp been estimated at 3>i lU. 

Chyle. As a result of the process of digestion, the oleaginous mstlers 
which have been acted upon by the pnncreaiir juke and Hie are trans- 
formed into a condition of emulsion, forming an opaque, milky fluid, 
termed chyle, which adheres to the folds of Ihe mucous membrane and 
villi. 

The Molecules of the fat are first absorbed by the epithelial cells upon 

the surface of Ihe villi, through which they pass and enter Ihe lymphatics. 

Absorption by the Lacteals. The /irfi'i'a/j.ortymphalicsof the small 

inlestine. have their origin in the interior of the villi, from which they 

, emerge and form a lymphatic pleius; the larger branches of which piss 
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through the layers of the mesentery, and finally terminate in the thoracic 
duct. 

In the intervals of digestion the lacteals contain clear, transparent lymph, 
and are invisible on account of their small size and delicacy. But during 
digestion these vessels become filled, from absorption of the chyle, and form 
a visible network of white vessels ramifying through the mesentery, and 
converging toward the receptaculum chyli. 

The lacteal vessels also absorb a small quantity of water^ albuminose^ 
glucose and salts, > 

COMPOSITION OP CHYLE. 

Water 902.37 

Albumen 35-^6 

Fibrin 3.70 

Extractives ^^-^^ 

Fatty matters 36.01 

Salts 7.11 

1000.00 

The Products of digestion find their way into the general circulation by 
two routes : — 

1 . Water ^ albuminose, glucose and salts^ are mainly absorbed by the 
gastric and mesenteric veins, carried into the liver, through the capillaries 
of which they pass, and enter the inferior vena cava by the hepatic veins. 

2. The Fats are absorbed by the lacteals, emptied into the thoracic duct, 
and enter the blood at the junction of the internal jugular and subclavian 
veins. 

■ Forces aiding the xnovexnents of L3nnph and Chyle. 

1. Endosmosis, The continued transudation of matter from the capil- 
laries, and its absorption into the lymphatics by endosmosis, constitutes the 
main cause, the vis-a-tergo, of the movement of the lymph; it is so cdn- 
siderable as to rupture the walls of the vessels if they are ligated. 

2. Contraction of the non-striated muscular fibres in the walls of. the 
lymphatic vessels, especially when fully distended, aided by the action 
of the valves, promotes the onward flow of the fluids. 

3. Muscular contraction in all parts of the body, by exerting intermit- 
tent pressure upon the lymphatic vessels, hastens the current onwards ; 
regurgitation being prevented by the closure of the valves. 

4. TTie Inspiratory movement, by expanding the chest, causes a dilation 
of the thoracic duct, and a rapid flow of lymph and chyle into it ; during 
expiration it is compressed, and the fluids forcibly expelled into the venous 
system. 



82 HUMAN PHYSIOLOGY. 

BLOOD. 

The Blood is a nutritive fluid containing all the elements necessary for 
the repair of the tissues; it also contains principles of waste absorbed 
from the tissues, which are conveyed to the various excretory organs and 
by them eliminated from the body. 

The total amount of blood in the body is estimated to be about one- 
eighth of the body weight ; from i6 to 1 8 pounds in an individual of 
average physical development. The quantity varies during the 24 hours ; 
the maximum being reached in the afternoon, the minimum in the early 
morning hours. 

Blood is a heterogeneous, opaque red fluid, having an alkaline reaction, 
a saline taste, and a specific gravity of 1.055. 

The opacity is due to the refraction of the rays of light by the elements 
of which the blood is composed. The color varies in hue, from a bright 
scarlet in the arteries to a deep purple in the veins, due to the presence of 
a coloring matter, hcemoglobin, in different degrees of oxidation. 

The alkalinity is constant, and depends upon the presence of the tri- 
sodium phosphate ; becomes acid in cholera and sunstroke. 

The saline taste is due to the amount of sodium chloride present. 

The specific gravity ranges within the limits of health from 1.045 to 1.075. 

The odor of the blood is characteristic, and varies with the animal from 
which it is drawn, due to the presence of caproic acid. 

The temperature of the blood ranges from 98° Fahr. at the surface to 
107° Fahr. in the hepatic vein ; it loses heat by radiation and evaporation, 
as it approaches the extremities, and as it passes through the lungs. 

Blood consists of two portions : — 

1. The Liquor Sanguinis or Plasma^ b. transparent, colorless fluid in 
which are floating — 

2. Red and 7vhite corpuscles \ these constituting by weight less than one- 
half, 40 per cent., of the entire amount of blood. 

COMPOSITION OF PLASMA. dalton. 

Water 902.00 

Albumen , 53-00 

Paraglobulin 22.00 

Fibrinogen 3.00 

Fatty matters 2.50 

Cry stall izable nitrogenous matters 4.00 

Other organic matter 5.00 

Mineral salts 8.50 

1000.00 
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Water acts as a solvent for the inorganic matters and suspends the 
corpuscular elements. 

Albumen is the nutritious principle of the blood ; it is absorbed by the 
tissues to repair their waste, and is transformed into the organic basis 
characteristic of each structure. 

Paraglobulin ox fibrinoplastin is a soft amorphous substance precipitated 
by sodium chloride in excess, or by passing a stream of carbonic acid 
through dilute serum. 

Fibrinogen can also be obtained by strongly diluting the serum and 
passing carbonic acid through it for a long time, when it is precipitated 
as a viscous deposit. 

Fatty matters exist in small proportion, except in pathological conditions 
and after the ingestion of food rich in oleaginous matters; it soon dis- 
appears, undergoing oxidation, generating heat and force, or is deposited 
as adipose tissue. 

Sugar is represented by glucose, a product of the digestion of saccharine 
matter and starches in the alimentary canal ; glycogenic matter is derived 
from the liver. 

The Saline constituents aid the process of osmosis, give alkalinity to the 
blood, promote the absorption of carbonic acid from the tissues into 
the blood, and hold other substances in solution ; the most important are 
the sodium and potassium chlorides, the calcium and magnesium phos- 
phates. 

Excrementitious matters are represented by carbonic acid, urea, creatin, 
creatinin, urates, oxalates, etc. ; they are absorbed from the tissues t>y the 
blood and conveyed to the excretory organs, lungs, kidneys, etc. 

Gases. Oxygen, nitrogen, and carbonic acid exist in varying propor- 
tions. 

BLOOD CORPUSCLES. 

The corpuscular elements of the blood occur under two distinct forms, 
which from their color are known as the red and white corpuscles. 

The Red Corpuscles^ as they float in a thin layer of the Liquor Sanguinis, 
are of a pale straw color ; it is only when aggregated in masses that tflfey 
assume the bright red color. In form they are circular and biconcave ; 
they have an average diameter of the ^2^^^ of an inch. 

In mammals, birds, reptiles, amphibia and fish the corpuscles vary in 
size and number, gradually becoming larger and less numerous as the scale 
of animal life is descended, e. g. : — 
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^^H Man, ,^. E;«l, 



[Ao. Turkey, n^,. 
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in and the mammals the red corpuscles present neither a nucl 
II wall, and are universally of a smaJl siie. They can be reai 
distinguished from the corpuscles of birds, reptiles and fish, in which they 
are larger, oval in shape and possess a well defined nucleus. 

The red corpuscles are exceedingly numerous, amounting to about 
5,000,000 in a cubic millimetre of blood. In structure they consist of a 
linn, elastic, colorless framework, the stroma, iu the meshes of which is 
entajigled the coloring matter, the hamogloiin. 

CHEMICAL COMPOSITION OP RED CORPUSCLES. 

Water 688.00 

Globuliti 282.22 

Hfemoglobin 1 6.7 5 

Fatty matter 2,31 

Entraclives 2.60 

Mineral sails, 8.12 



l/nmeghliin. the coloring m.ilter of llie corpuscles, is an albuminous 
compound, composed of C. O. H. N. .S. and iron. It may exisl eilhei in 
»n amorphous or crystalline form. When deprived of all its oxygen, 
except the quantity entering into its intimate composition, the haemoglobin 
becomes darker in color, somewhat purple in hue, and is known as reduced 
hitmegloliin. When exposed to the action of oxygen it again absorbs 11 
definite amount and becomes scarlet in color, and is known as oxy-ksma- 
gleliiH. The amount of oxygen absorbed is 1.76 e.cm, (j?;, cubic inch,) tor 
I milligramme (^ grain) of hemoglobin. 

Il is this substance which give« the color to the vetious and arterial 
blood. As the venous blood passefi through the capultaries of the lungs, 
the reiiueid hirmoglo/'m absorbs Ihe oxygen ftom Ihe pulmonary air and 
becnmeii oxy/iameghhiH, scarlet in eolor, and the blood becomes arterial. 
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When the arterial blood passes into the systemic capillaries the oxygen is 
absorbed by the tissues, the haemoglobin becomes reduced, purple in 
color, and the blood becomes venous. A dilute solution of oxy-haemo- 
globin gives two absorption bands between the lines D and E of the solar 
spectrum. Reduced haemoglobin gives but one absorption band, occupying 
the space existing between the two bands of the oxy-haemoglobin spectrum. 

The Function of the red corpuscles is, therefore, to absorb oxygen and 
carry it to the tissues ; the smaller the corpuscles, and the greater the 
number, the greater is the quantity of oxygen absorbed; and, consequently, 
all the vital functions of the body become more active. 

The White Corpuscles are far less numerous than the red, the proportion 
being, on an average, about i white to 350 or 400 red ; they are globular 
in shape, and measure the ^5^7 ^^ ^^ vacYi in diameter, and consist of a 
soft, granular, colorless substance, containing several nuclei. 

The white corpuscles possess the power of spontaneous movement, alter- 
nately contracting and expanding, throwing out processes of their substance 
and quickly withdrawing them, thus changing their shape from moment to 
moment. These movements resemble those of the amoeba, and for this 
reason are termed amoeboid. They also possess the capability of moving 
from place to place. In the interior of the vessels they adhere to the inner 
surface while rhe red corpuscles move through the centre of the stream. 

The white corpuscles are identical with the leucocytes, and are found in 
milk, lymph, chyle and other fluids. 

Origin of Corpuscles. The red corpuscles take their origin from the 
mesoblastic cells in the vascular area of the developing embryo. 

In the adult they are produced from colorless nucleated corpuscles 
resembling the white corpuscles. The spleen is the organ in which they 
are finally destroyed. 

The white corpuscles originate from the leucocytes of the adenoid tissue, 
and subsequently give rise to the red corpuscles and partly to new tissues 
that result from inflammatory action. 

COAGULATION OF THE BLOOD. 

• When blood is withdrawn from the body and allowed to remain at rest 
it becomes somewhat thick and viscid in from three to five minutes ; this 
viscidity gradually increases until the entire volume of blood assumes a 
jelly-like consistence, which occupies from five to fifteen minutes. 

As soon as coagulation is completed a second process begins, which con- 
sists in the contraction of the coagulum and the oozing of a clear, straw- 
colored liquid, the serum, which gradually increases in quantity as the clot 
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ing fibrin. 

In from : 2 to 14 hours the upper surface of the clot presents a grayish 
appearance, the iiiffy coal, which is due to the rapid sinking of the red 
corpuscles henealh the surface, permitting the fibrin to coagulate without 
them, which then assHines a grayish yellow tint. Inasmuch as the white 
, corpuscles possess a lighler specific gravity than the red, they do not sinlt 
I ao rapidly, and becoming entangled in the Rhrin, assist in forming the huffy 
coat. Continued contraction gives a rji^/Vi/ appearance to the surface of 
the clot. 

liiJlammalBry slalts of the blood produce a marked increase in the 
buffed and cupped condition, on account of (he aggregation of the corpus- 
cles and their tendency to rapid sinking. 

Nature of Coagulation. Coagulable fibrin does not pre-exist in the 
blood, hut is formed nt tlie moment blood is withdrawn from the vessels. 
According to Denis, a liquid substance, filasmine, exists in the blood, 
which, when withdrawn from the circulation, decomposes inlo^^n'H and 

According to Schmidt, fibrin results from the union ol fiirinoplaUm 
(paraglobulin) aaA fibriHogtn, broughl about by the presence of a third 
■ubslance, the fibrin ferment. 

Conditions Influencing Coagulation. The process is rtlardtd by 
colli, retention within living vessels, neutral salts in excess, inflarnmalory 
eondilions of the system, imperfect aeration, esclusion from air, etc. 
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It is hastened by a temperature of ioo° F., contact with air, rough sur- 
faces and rest. 

Blood coagulates in the body after the arrest of the circulation in the 
course of 12 to 24 hours; local arrest of the circulation from compression 
or a ligature will cause coagulation, thus preventing hemorrhages from 
wounded vessels. 

The Composition of the Blood varies in different portions of the 
body. The arterial differs from the venous^ in being more coagulable, in 
containing more oxygen and less carbonic acid, in having a bright scarlet 
color, from the union of oxygen with haemoglobin; the purple hue of 
venous blood results from the deoxidation of the coloring matter. 

The blood of ih^ portal vein differs in constitution, according to different 
stages of digestive process ; during digestion it is richer in water, albumin- 
ous matter and sugar; occasionally contains fat; corpuscles are dimin- 
ished, and there is an absence of biliary substances. 

The blood of the hepatic vein contains a larger proportion of red and 
white corpuscles; the sugar is augmented, while albumen, fat and fibrin 
are diminished. 

Pathological conditions of the Blood. 

1. Plethora — ^increase in the volume or quantity of blood. 

2. Ancemia — deficiency of red globules with increase of water. 

3. Leucocythemia — increase of white and diminution of red corpuscles. 

4. Glycohcsmia — excess of sugar in the blood. 

5. Urcemia — increase in the amount of urea. 

6. Cholestercemia — an excess of cholesterine in the blood. 

7. Thrombosis and embolism — clotting of blood in the vessels and dis- 
semination of coagula. 

8. Lipcemia — an excess of fat. 

9. Melancemia — pigment in the blood. 

CIRCULATION OF THE BLOOD. 

The Object of the Circulation is to distribute nutritious blood to all 
4X)rtions of the system and to carry waste materials to the various elimi- 
nating organs. 

The Circulatory Apparatus consists of the heart, arteries, capillaries 
and veins. 

The Heart is a hollow, muscular organ, pyramidal in sha}5^, measuring 
5J^ inches in length and weighing from 10 to 12 oz. in the male, and 8 
to 10 oz, in the female. It is invested externally by a closed fibro-serous 
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tac, thv fitriiariiiun, conlaining a small amount of fluid, wtricb prevents 
he visceral and parietal layers glide over each other, during 
nts of the heart and lungs. 
The heart consists of four cavities, a right auricle and ventricle, and a 
left auricle and ventricle, completely separated by a vertical partition. The 
rigAi is the vtHous side, receiving the blood frotn the vente cavte, and pro- 
pelling it through the pulmonary artery into the lungs; the lift is the 
arterial luit, receiving the arterial blood from the lungs by the pulmonary 
veins, and propelling it through the aorta to the system at large. 

The Auriculo-veHlricular orifices ate guarded on the right and leli sides 
by the tricuspid tnA mt/ra/ valves respectively, while they are so arraof 
as to permit the flow of blood in the forward direction only; the otifices 
of Ihe fiuimonary artery and aorta are guarded by tbe semi-lunar valves. 
The Endaeardinm is a delicate, shining membrane, lining the interior of 
the heart, and coDtinuous with the lining membrane of the blond vessels. 
The walls of the left ventncle are nearly half an inch in diameter, being 
two or three times thicker than the walls of the right ; the force of its 
contraction being much greater. 

The Function of the Heart is to propel the blood to all portions of 
the vascular system \ accomplished by successive alternate contractions and 
relatalions of Lt£ muscular walls, constituting the syslole and diastole. 

Coune of Ibe blood through the Heart. The venous blood re- 
turned to Ihe heart by the superior and inferior vense cavs is emptied, 
during ihe diastole, into the right auricle, on the contraction of which it is 
forced through the right auriculo-ventricular opening into the right ventricle 
t. Upon contraction of the ventricle the blood is propelled 
through (he pulmonary artery into the lungs, where it undergoes aeration 
changed in color. 

arterial blood is now collected by the pulmonary veins and poured 

I'llito the left auricle ; thence it pnsses into the left ventricle, which becomes 

illy distended. Upon the contraction of the ventricle, the blood is pro- 

. into the aorta, and by it distributed to the system at large, to be 

returned to the heart by the veins. 

Regurgitation from the ventricles into the auricles during the systole is 

prevented by the closure of the tricuspid and mitral valves; regurgitation 

&Dm the pulmonary artery and aorta into the ventricles during Ihe diastole 

i£ prevented by the closure of the semi-lunar valves. 

Movements of the Heart, At each revolution, during the syalole. 
the heart hardens Jnd becomes shortened in its long diameter ; its apej 



ed on its iuU From left to right and thrown forward gainst 

: walls of the chest. The imfiulst of the heart, observed about iwo 

ie nipple, and one inch to the sternal side, between the fifth 

and sixth ribs, is caused mainly by the apex of the heart striking agaio^ 

the chest wall;, assisted by the distention of the great vessels about the 

base ot the heart. 

Sounds of the Heart. If the ear be placed over the cardiac region 
two distinct sounds are heard during each revolution of the heart, closely 
following each other and which diifer in chenicler. 

The sound coinciding with the systole in point oflime.the^rrfiowni/, is 
long and dull, and caused by the closure and vibration of the auriculo- ven- 
tricular valves, the coottactioo of the walls of the ventricles and the apex 
beat; the second sound, occurring during the diastole, is short and sharp, 
and caused by the closure of the semi-lunar valves. 

The capadly of the left ventricle when fully distended is estimated at 
from four lo seven ounces. 

The frequency of the heart's action varies at different periods of life, 
but in the adult male it beats about 72 times per minute. It is inHuenced 
by age, exercise, posture, digestion, etc. 
Age. Before birth the Run^f-o/'^ii/ra/idMi per minute averi^es 14a 

During the first year it diminishes to izS 

During the third year diminishes to 95 

From the eighth to the fourteenth years averages 84 

In adult life the average is, 72 

-isf and digestion increase the frequency of the heart's action. 
Aj/ure influences the number of pulsations per minute; in the male, 
standing, the average is Si ; silting, 71 ; lying, 66; independent, for the 
most part, of muscuhir effort. 

The Rhythmical inovements of the heart are depenJenl upon, i. An 
inherent irritabilliy of the muscular fihres, which manifests ilsdf as long as 
the nutrition is maintained. I. The continuous flow ot blood tlirough its 
cavities distending them and stimulating the endocardium. 

The force exerted by the left ventricle at each contraction 
has been estimated at 52 pounds. If a lulie be inserted into the aorta the 
pressure there will tie sufficient to support a column of blood nine feet or 
a column of mercury six inches in height, the weight in either case being 
about four pounds. The estimation of the force which the heart 19 
mjuired to exert lo support this column of blood, is ■rived at try mulliply- 
g the pressure in the aorta (4 pounds) by the area of the internal surface 



40 

of the left ventricle (about 13 inches). Each iacb of the ventricle beii^ 
capable of supporting n downward piCEsure of 4 pounds. 

Work done by tha Heart. The work done by the hi 
mated by innltiplying the amoant of blood sent out from the right and left 
ventricles at each eonlraetion, by the pressure in the pulmonary artery and 
axirta respectively, ;. f., when the right yentricle contracts it forces out 
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one quarter pound of blood, and in sa doing 
Ihe pulmonary urtery mIGcient to support a col 
height ; thai is, must exert energy sufficient to 
or ^ lb one foot. When the left ventricle 
blood, and in 30 doing the left ventricle i 
aorta sufficient to support a column of blood nii 
must eiert enei^y sufficient to raise ji( \b g feet, 
foot. Work done is estimated by the a 
a definite weight a definite height, the 
required to raise one pound one foot. 

The heart, therefore, at each systole exerts energy safficient lo raise 3 
foot pounds, and as il contracts 72 times per minute it would raise in that 
time 3 X 72 or 216 fool pounds; and in one hour 216 X ^or 12,960 fool 
pounds; and in 24 hours I2,gtk>x 24 ur 311,040 Tout pounds or 13S.5 fool 
ton). 

InBuence of the Nervous Systera upon the Heart. When the 
heart of a frog is removed from the body it continues to beat for a 
variable length of time, depending upon the nature of the conditions sur- 
rounding it. The heart of warm-blooded animals continues lo beat but for 
a very short time. The cause of the continued pulsations of Ihe frog heart 
is the presence of nervous ganglia in its substance. These ganglia have 
not been shown to exist in the mammalian heart, but there is reason to 
believe that Ihe nervous mechanism is fundamentally the same. 

The ganglia of the heart are three in number, one situated at the open- 
ing of the inferior vena Cava (the ganglion of Remak), a second ^tualed 
in the auriculo-ventrieular scpluin (the ganglion of Bidder), and a third 
a the imer-auricular septum (the ganglion of Ludwigl. The first 
notor in function and excite the pulsations of the heart ; the third 
Ll* inhibitory in function and retards the action of the heart. The actions 
[ t^ these ganglia, though for the most part automatic, are modified by 
l:iinpreisloiu coming through nerves from the medulla oblongaia. When 
K<11le Hihilntory centre U. stimulated by muscarin, the heart U arrested in 
I'dlistolei when riirci{^is applied, ihe heart recammencei to beat, becanie 
ropU paralyics ihe inhilriiory ci 



' Tlie nerves modifying the 
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c the Pneumr^aMrii 



: Pntumogastric nirve after emerging from the meduUi receives 
motor librea from the spina.! accessory nerve. It then passes downward, 
giving off branches, some of which terminate in the inhibilDiy ga.iiglLoD. 
StimulaHoH of the vagus by increasing the activity of the inhibitory centre 
arrests the heart \a diastole with its Cavities full of blood ; but as the stimu- 
lation is only temporary, after a few seconds the heart recommences la 
beat; at first the pulsations are weak and feeble, but soon regain their 
□riginal vigor. After the administration of atropia in suSicient doses to 
destroy the termination of the pneumi^pstric, stimulation of its trunk has no 
effect upon the heart. The inhibitory tibrea in the vagus are constantly in 
action, for diuisiaH of the nerve on both sides is always followed b; an 
increase in the frequency of the heart's pulsations. 

The AeceUrator fibris arise in Ihe medulla, pass down the cord, emei^^e 

' in the cervical region, pass to the lost cervical and hrst dorsal ganglia of 

the sympathetic, and thence to the heart. .Syi'mu/o/un of these fibres causes 

in increased frequency of the heart's pulsations, but they are diminished 

ARTERIES. 

The Arteries are a series of branching lubes conveying blood to all 
portions of the body. They are composed of three coats — 

1. External, formed of areolar and elastic tissue. 

2. Middle, contains both elastic aiid muscular hbres, arranged trans- 

versely to the long axis of the artery. The elastic tissue is more 
abundant in the larger vessels, the muscular in the smaller. 

3. fntemal, composed of a thin homogeneous membrane, covered with 
a layer of elongated endothelial cells, 
arteries possess both elasticity and contractilily. 

TSif /Vo^rtc ^£/ai/iVt(j' allows the arteries already full 10 accommo. 
B themselves to the incoming amount of blood, and to convert the 
irmilteni acceleration of blood in the large vessels into a steady aud 
continuous stream io the Capillaries. 

The ConiraclUity of the smaller vessels equalijes the current of blood, 
regulates the amount going to each part, and promotes the onward flow of 
Hood. 

Blood Pressure. Under the iiiliitpn^ of the ventricular systole, the 
■ <*!ecoil of Ihe elastic walls of (hi; arteries, anit the rAfetance offered by the 
l.napll lories, the blood is constantly being subjected to a ceitain ai 
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pressure. If a large artery of an animal be divided, and a glass lube of ' 

tlie same calibre be inserted into \ts orifice, the blood will rise to a height 

of about nine feet; or if it he connected with s mercurial n 

mercnry will rise to a height of six inches. This height will be a 

of the pressure in the vessel. The nbsolnte quantity of mercury sustained 

by an artery can be arrived at by multiplying the height of the column by 

the area of a transveise Eeclion of that artery. 

The pressure of the blond is greatest in the lai^e arteries, but gradually 
decreases toward the capillaries. 

The blood pressure is increased or diminished by influences acting npoo 
(he heart or upon the peripheral re^stance of the capillaries, viz.: — - 

If, while the force of the heart remains the same, the number of pulsa- 
tions per minute increases, thus increasing the volume of blood in the 
arteries, the pressure rises. If the rate remains the same, but Ihe force 
increases, the pressure again rises. Causes that increase the peripheral 
resistance by contmcting the arterioles, *. ^., vasomotor nerves, cold, etc., * 
produce an incTeabe of the pressure. 

On the other hand, influences which diminish either the volume of the 
blood, or the number of pulsations, or the force of the heart. Or the 
peripheral resistance, lowtr the pressure. 

' The Pulse is the sodden distention of Ihe artery in a transverse and 
longitudinal direction, due lo the injection of a volume of blood into the 
arteries at the lime of the ventricular systole. As the vessels are already 
full of blood, they must expand in order lo accommodate themselves to the 
incoming volume of blood. The blood pressure ia thus increased, and the ' 
pressure niiginating at Ihe ventricle excites a fnlst wavt, which passes | 
from the heart toward the capillaries at the rate of about twenty-niae 
feet per second. It is this wave that is appreciated by the finger. 

The Velocity with which the blood flows in the arteries diminishes 
from the heart lo Ihe capillaries, owing lo an increase of ihe united sec- 
tional area of Ihe vessels, and increases in rapidity from the capillaries 
I lowitrd Ihe heart. It moves most rapidly in the large vessels, and espe- 
cially under the influence of the ventricular systole. From eiperimentt I 
on animals, it has been estimated to move in the carotid of m 
of sixteen inches per second, and in the large veins at Ihe rate of four J 
inches per second. 

The Calibre of the blood vcbbcIs is regulated by the vaio-meler I 

nerves, which have (Tieir origin in the gray matter of ihc medulla obloti- X 

I, They issue from Ihe spinal cord through the anlerior roots of spinal 1 




pass throi^gh tbe sympathetic ganglia, and ultimately are dislribuled 
to the coats of the blood vessels. They exert, at different limes, a constrict- 
ing and dilating action upoo the vessels, tbua keeping up the ajterial tonus. 

Capillaries. The capillaries constitute a network of vessels of micro- 
scopic size, which distribute the blood to the inmost recesses of the tissues, 
inoscularing with the arteries on the one hand and the veins on the other ; 
Ihey branch and communicate in every possible direction. 

The diameter of a capillary vessel varies from the j^ to the jj'jo 



of an inch ; their walls consist of a delici 
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luilRi °^ '" '"'^'' '" Ibickness, lined by flattened, elongated, endothelial 
cells, between which, here and there, are observed slomata. 

It is through the agency of the capillary vessels that the phenomena of 
n takes place, for here the blood flows in an equable 
m, and is brought into intimate relationship with the 
tissues, two of the essential conditions for proper nutrition. 

The rail of mmiimftU in the capillary vessels is estimated at one inch 
in thirty seconds. 

In the capillary current the red corpuscles may be seen hurrying down 
the centre of the stream, while the white corpuscles in the still layer adhere 
to the walls of the vessel, and at times can be seen to pass through the 
walls of the vessel by am^tbc 



The passage of the blood through the capillaries is mainly due lo the 
force of the ventricular systole and the elasticity of the arteries ; but it is 
probably also aided by a power resident in the capillaries themselves, the 
result of a vital relation between the blood and the tissues. 

The Veins are the vessels which return the blood to the heart ; they 
have their origin in the venous radicles, and as they approach the heart, 
converge (o form larger trunks, and terminate finally in the veiix cavse. 

They possess three coats — 

I. External, made up of areolar tissue. 

3. Middle, composed ofnon-striated muscular libres, yellow, elastic and 
fibrotis tissue. 

3, Mental, an endothelial membrane, amilnr to that of the arteries. 

Veins are distinguished by the possession of valves throughout their 
course, which are arranged in pairs, and formed by a reflectioQ of the in- 
ternal coat, strengthened by librous tissue; they always look toward the 
heart, and when closed prevent a return of blood in the veins. Valves are 
most numerous in the veins of the extremities, but are entirely absent in 
many others. 
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The onwaid flow of blood in the veins is mainly due 
the heart ; but is assisted by tliE contraction of the volnataiy muscles and 1 
the force of aspiration. 

Miaailar contraction, which is intermittent, aids the flow of blood in 
the veins, by compressing them. As r^uigitation is prevented by the 
closure of the valves, the blood is forced onward toward the heart. 

RhytkmUal movemenis of veins have been observed in some of the 
lower animals, aiding the onward current of blood. 

During tbe movement of inspiration the thoraJt is enlarged in all il 
diameleis, and the pressure on its contents at once diminishes. Under 
these circumstances a suction force is exerted upon the great venous trunks, 
which causes the blood to flow with increased rapidity and volume toward 
the heart. 

Venous piessure. As the force of the heart is nearly expended in 
driving the blood through the capillaries, the pressure in the venoos 
system is not very marked, not amounting in the jugular vein of a dog to 
more than ^j that of the carotid artery. 

The lime required for a complete circulation of the blood throughout the 
vascular system has been estimated to be from 20 to 30 seconds, while for 
the entire mass of blood to pass through the heart jS pulsations would be 
required, occupying 48 seconds. 

The Forces keeping the blood in circulation are — 

1. Action of the heart, 

2. Elasticity of the arteries. 

3. Capillary force. 

4. Contraction of the voluntary muscles upon the veins. 

5. Re^iralory movements. 

RESPIRATION. 

SespiratlBn is the function by which oxygen is absorbed Into I 
blood and carbonic acid exhaled. The appropriation of the oiygen a 
the evolution of carbonic acid takes place in the tissues as a part of the 
general nutritive process; the blood and respiratory apparatus constituting 
the media by means of which the interchange of gases is accomplished. 
The Respiratory Apparatus consists of the hirynx, trachea ami lungs. 
The L.arynx is composed of Arm cartilages, united together by liga- 
ments and muscles; running antero-posteriorly across the upper opening , 
are four ligamentous bands, the two superior or false vocal cords, and the 1 
'0 inferior ot true vocal cords, formed by folils of the mucous membrane. 







They are attached nnteriorly lo the thyroid cartilages and poslerinrly lo ibe 
arytenoid cartilages, and are capable of being separated by the contraction 
of the posterior crico-arylenoid muscles, so as to admit the passage of air 
into and h-am the lungs. 

The Trachea is a lube from four to live inches in length, three-quarters 
of an inch in diameter, extending from the cricoid cartilage of the larynx 
lo the third dorsal vertebra, where it divides into the right and left bronchi. 
It is composed of a aeries of cartilaginous rings, which extend about Iwo- 
thirds around its circumference, Ibe posterior third being occupieil by 
Rbrous tissue and non-striated muscular fibres which are capable of dimin- 
ishing ils calibre. 

The trachea is covered externally by a tougb, libro-elastic membrane, 
and internally by mucous membrane, lined by columnar ciliated epithelial 
cells. The ci!ia are always waving from within outward. When the 
two bronchi enter the lungs they divide and subdivide into numerous and 
smaller branches, which penetrate the lung in every direction until they 
finally terminate in the pulmonary laiults. 

As the bronchial tubes became smaller their walls become thinner; the 
cartilaginous rings disappear, but are replaced by irregular angular plates 
of cartilage; when the tube becomes less than the -^5 of an inch in di- 
ameter Ihey wholly disappear, and the fibcous and mucous coals blend 
tcgether, forming a delicate, elastic membrane, with circular muscular 

' The Iilings occupy the cavity of the thorax, are conical in shape, of a 
jMnk color and a spongy texture. They are composed of a great number 
of distinct lobules, the pulmonary lobule!, connected together by inter- 
lobular connective tissue. These lobules vary in size, are of an oblong 
shape, and are composed of the ultimate ramiiications of the brorichial 
tubes, within which are contained the air vesicles or cells. The walls of 
the air vesicles, exceedingly thin and delicate, are lined internally by a 
layer of tessellated cpitbelium, exlemaily covered by elastic fibres, which 
give the lungs their elasticity and distensibihty. 

The Venous Blood is distributed (o the lungs for aeration by the 

pulmonary artery, the terminal branches of which form a rich plexus of 

.pillary vessels surrounding the air cells; the air and btood are tbns 

brought into intimate relationship, being separated only by the delicate 

walls of the air cells and capillaries. 

The Pleura. Each lung is surrounded by a closed serous membrane, 
tlie pleura, one layer of which, the visciral, is reflected over the lung, the 
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other, t\e fiaritlal, reflected over the wall of Ihe thorax ; between the two 
layers is a small amonnt of fluid which prevents friction during the pUy of 
the lungs in respiration. 

The lungs are nouriahed by blood from the bronchial arteries ramifying 
in the walls of the bronchial tubes and interlobular connective tissue. 

Respiratory movcmentB. The movements of respiration sre two, 
nnd consist of an alternate dilation and contraction of the chest, known 3M 
inspiration and expiration. 

I. Inspiration is an active process, the result of the expansion of Ihe 
thorax, whereby air is introduced into the lungs. 

z. Expiration is a paitially passive process, the result of the recoil of 
the elastic walls of the thorax, and the recoil of the elastic tissue of the 
lungs, whereby the carbonic acid is expelled. 

In Inspiration Ihe chest is enlarged by an increase in all its diameters, 

1. The vertical is increased by the contraction and descent of the 
diaphragm when it approximates a Sraight line. 

2. The antem-postfrior and transverse diameters are increased by the 
elevation and rotation of the ribs upon their axes. 

In ordiHary tranquil inspiration the muscles which elevate the ribs and 
thrust ihe sternum forward, and so increase the diameters of Ihe chest, ore 
the external inlercoslab, running from above downward and forward , the 
sternal perlion of the internal inltrcoslals and the levatores ceslarum. 

In Ihe extraordinary efforts of inspiration certain auxiliary muscles are 
broi^ht into play, vii: Ihe slerno-mastoid, pectoral/s, serratui magnui, 
I which increase the capacity of the thorax to its utmost limit. 

In Expiration the diameters of the chest are all diminished, v'u. : 

1. The vertical, by Ihe ascent of the diaphragm. 

2. The antera-pssterior, by a depression of the ribs and sternum. 

In ordinary tranquil expiration Ihe muscles which depress Ihe ribs and 
lCernuin,and thus diminish the diameter of the chest, are Ihe i'«ftjw«/iii/fr- 
tastals, Ihe infra-costals and the triangularis slernL 

In the extraordinary efforts of expiration certain auxiliary muscles arc 
brought into play, vi» ; Ihe o*i/ii»Hi«a/ and sacro-lumialis wujc/w, which 
diminish the capacity of the thorax to its utmost limit. 

Expiration is aided bi^ the recoil of Ihe elastic tissue of Ihe lungs and 
ribs and the pressure of the air. 

Movements of the Qlottls. At each inspiration the rima glotlidis \% 
dilated by a separation of the vocal cords, produced by the contraction of 




tttc crico-aryttmiid muscles so as to iieeiy admit tlie passage of air into the 
lungs ; in expiration Chejr fall passively together, but do not inteirere with 
the exit of ihc air from the chest. 

Nervous Mechanism of Reapiration. The movements of respira- 
tion are involuntary and reflex, and are under the control of the mtJiilta 
oblongata. 

This centre may be stimulated — 

1, Diretfly,hy\,]xK condition of the blood. An increase of Carbonic acid 
or a diminution al oxygen ia the blood causes an acceleration of the 
respiratory movements; the reverse of these conditions causes a diminution 
of the respiratory movements. 

2. iKdiriclly, by reflex action. The medulla may be excited lo actian 
through the pneumogastric nerve, by the presence of carbonic acid in the 
lungs irritating its terminal filaments; through the fifth nerve, by irrita- 
tion of the terminal branches ; and through the nerves of general sensibility. 
In either case this centre reflects motor impulses to the respiratory muscle* 
through 'CnepkriHU, iHftrrestals, inftrior larytigtal i.-a& other nerves. 

Types of Respiration. The ahdontmal type a most marked in young 
children, irrespective of sex ; the respiratory movements being effected by 
the diaphragm and abdominal muscles. 

In the superior costal type, exhibited by the adult female, the respiratory 
movements are more marked in the upper part of the chest, frum the isl lo 
the 7th ribs, permitting the uterus to ascend in the abdomen during preg. 
nancy without intvTering with respiration. 

In the inferior costal type, manifesled by the male, the movements are 
largely produced by the muscles of the lower portion of the chest, from the 
7th rib downward, assisted by the diaphragm. 

The respiratory moveroenlB vary according to age, sleep and exerc 
being most frequent in early life, but averaging zoper minute in adult life. 
r They are diminished by sleep and increased by exercise. There areabo 
B -four pulsations of the heart to each respiratory act. 

During inspiration ft™ sounds are produced; the one, heard in tl 
thorax, in the trachea and larger bronchial tubes, is tubular in character 
the other, heard in the substance of the lungs, is vesicular in character. 
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The TTi/o/ or jrnc/ii/i^ zv/iiinf of air, that which passes in and ou 
the lungs at each inspiration and expiration, is estimated at from 20 li 
«ubic inches. 



48 Hui 

The Complemaital air is that amounl which can be taken into the lungs 
by a forced inspirxtion, in addition to the ordinary tidal volume, and 
amounts to alxiut I lo cubic inches. 

The Raerve air is that which usually remains in the chest after Ihe 
ordinaiy efforts of expiration, but which can be expelled by forcible expira- 
tion. The volume of reserve air is about loo cubic inches. 

The Residual air is that portion wliicli remains in the chest and cannot 
be expelled afier the most forcible expiratory elTorts, and which amounts, 
according lo Dr. Hutchinson, ID almut 100 cubic inches. 

The Vital Capacity of the chest indicates tlie amount of air that can 
be forcibly cx)>elled from the lungs after the dee]>est possible inspiration, 
and is an index of an individual's power of breathing in disease and pro- 
longed severe exercise. The combined amounts of the tidal, the comple- 
mental and reserve air, 230 cubic inches, represents the vital capadly of an 
individual 5 feet 7 inches in height. The vital capacity varies chiefly with 
stature. It is increased S cubic inches for every inch in height above this 
standard, and diminishes 8 Cubic inches for sach inch below it. 

The Tidal Volume of air is carried only into the trachea and larger 
bronchial tubes by the inspiratory movements. It reaches Ihe deeper 
portions of the lungs in obedience to Ihe law of dilTusion of gases, which is 
inveisely pn^iortionale lo the square root of their densities. 

The ciliary action of the columnar cells lining the bronchial tubes also 
SiSsicts in the interchange of the air and carbonic acid. 

The entire volume of air pas^ng in and out of the thorax in 24 hours is 
subject to great variation, but is estimated by Dr. Smith at 686,000 cubic 
inches, or 397 cubic feel, 

CampoBition of Air : Oxygen, 20.8l parts; nitrogen, 79.19, forming a 
mechanical mixture in which exist traces of carbonic acid and watery 

The cbanges in tbe air effected by respiration are — 

Loss of oxygen, to the extent of 4.781 per cent. 

Gain of carbonic acid, to the extent of 4.35 per cent. 

Increase of watery vapor and oi^anic mailer. 

Elevation of temperature. 

Increa'ic and nt limes decrease of nitrogen. 

Gain of ammonia. 
The total quantity of oxygen withdrawn from the air and consumed by 



I the body in 24 hours ai 
f cubic feet of pui 



iS cubic feet; 
; necessary. 



I obtain this quantity 400 



The quantity at carhHic add exhaled in 14 hours varies greatly. Dr. 
Smith computed it at 24.208 cubic inches, containing 7.144 oz. of ] 
carbon. It is increastd by muscular exercise; nltn^enous Food i 
cofTce and rice ; age, and by muscular development ; dtcrtastd I 
lowering of temperature ; repose ; gin and brandy, and a dry condidon of 
Ihe air. 

Condition of the Gases in the Blood, 

Oxygm is at^sorbed from tlie lui^ into the arterial blood by the color- 
ing matter, hamogtobin, with which it exists in a state of loose combina- 
tion, and is disengaged during the process of nutrition. 

Carbanii acid, arising in the tissues, ia absorbed into the blood in conse- 
queoce of its alkalinity ; where it exists in a state of simple solution and 
also in a state of Feeble combination with soda and potassa, forming the 
bicarhonates ; it is liberated by pneumic acid in the pulmonary tissue. 

NUrogen is simply in soluIiDD in the plasma. 

The amount of watery vapor thrown off from the lungs daily is about 
one pound, with which is mingled organic matter and ammonia. 

Changes in the Blood during Reapiratioii. 

As the blood passes through the lungs it is changed in tolor, from the 
dork purple hue of venous blood to the bright scarlet of arterial blood, 

The heterogeneous composition of venous blood is exchanged for the 
uniform composition of the arterial. 

It gains ox^en and loses carbonic acid. 

Its coagulability is increased. Temperature is diminished. 

Asphyxia. If the supply of oxygen to the lungs be diminished and 
the carbonic acid retained in the blood, the normal respiratory movements 
cease, the condition of asphyxia ensues, which soon terminates in death. 

The/.imDj«™o of asphyxia are, violent spasmodic action of the respira- 
tory muscles, attended by convulsions of the muscles of the extremities, 
engorgement of the venons system, lividity of the skin, abolition of 
sen.'iibility and reflex action, and death. 

The cause of death is a paralysis of the heart, from over distention by 
blood. The passage of the blood through the capillaries is prevented liy 
contraction of the smaller arteries from irritation of the vaso-motor centre. 
The heart is enfeebled by a want of oxygen and inhibited in its action by 
the inhibitory centres. 
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ANIMAL HEAT. 

The Functional Activity of all (he organs and tiajues of the body is 
attended by the evolution of heat, which is indepenilent, for the most part, 
of eitemal conditions. Heal is a massary londition for the due perfonn- 
ance of all Tita.1 actions; though the boily constantly loses heat hy radia- 
tion and evaporation, it possesses the capability of renewing it and 
maintaining it at a fined standard. The normal ttmptrature of the body 
in the adult, as shown by means of a delicate thermometer placed in the 
anlla, ranges from 97.25" Fahr. to 99.5° Fabr., though the mtan turmal 
temperatHre is estimated by Wunderlich at 98.6° Fahr. 

The temperature varies in. dilTerent portions of the body, according to 
the degree lo which oxidation takes place ; being the highest in the muscles 
during exercise, in the brain, blood, liver, etc. 

The conditions which produce variations in the normal tempera- 
ture of the Ixidy are: age, period of the day, exercise, food and drink, 
climale, season and disease. 

Agt. At birth the temperature of the infant is about 1° F. above that 
of the adult, but in a few hours falls to 95.5° F., to be followed in the 
course of 24 hours by a rise to the normal or a degree beyond. Dnrii^ 
childhood the temperature approaches that of the adult ; in aged persons 
the temperature remains about the same, though (hey are not as capable 
of resistii^ the depressing effects' of externa! cold as adults. K diurnal 
variation of the temperature occurs from 1.8° F. to 3.6" F. (Jiirgeusen) ; 
the maxintHw occurring late in the afternoon, from 4 to 9 t. M., the 
miHimum, early in the morning, from t to 7 A. M. 

Exercise. The temperature is raised from y" lo2°F. during active con- 
tractions of the muscular masses, and is probably due to the increased 
activity of chemical changes \ a rise beyond this point being prevented by 
its ditTusion to the surface, consequent on a more rapid circulation, radia- 
tion, more rapid breathing, etc. 

Food and drink. The ingestion of a hearty meal increases the tempera- 
ture but slightly; an absence of food, as in starvation, produces a marked 
decrease. Alcoholic drinks, in large amounts, in persons unaccustomed to 
their use, cause a depression, of the temperature amounting from 1° (0 2° 
F. Tea causes a alight elevation. 

Exlrrnal lemperaliire. Long Continued exposure (o cold, especially if 
the body is at rest, diminishes the temperature from 1° to i" ¥., while ex- 
posure to a great heat slightly increases it. 

DUeatt frequently cauiei a. maikcd variation in the normal temperature 
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of [he body, rising as high as 107° F. in typhoid fever, and 105° F. in pneu- 

in cholera it fulls as low osSoT. Death usually occurs when the heat 

IS high and persistent, from 106° to 110° F. ; the increase of heat in 

:Eiive prodacCion rather than to diminished elimination. 

The source of heat is to be sought for in the chemical combinations 
taking place during the general process of nuCritiou, and the amount of 
its production is in proportion to the activity of the internal changes. 

Every contracdon of a cpusclc, every act of secretion, each exhibition 
of nerve force, is accompanied by a change in the chemical compoatiou of 
the tissues and an evoluliou of heal. The redaction of the disint^raled 
tissues to their simplest form by oxidation ; the combiuation of the oxygen 
of the inspired air with the carbon and hydrogen of the bloud and tissues, 
results in the formation of carbonic acid and water and the generation of a 
lai^e amount of heat. 

Certain elements of the food, particularly the non-nUrogmiitd sub- 
stances, undergo oxidation without taking part in the formation of the 
tissues, being transformed into carbonic acid and water, and thus increase 
the sum of heat in the body. 

Heat-producing Tissues. All the tissues of the body add to the 
general amount of heat, according to the degree of their activity. But 
special structures, on account of their mass and the large amount of blood 
they receive, are particularly to be regarded as heat producers ; e. g. ,- — 

t. During mental activity the brain receives nearly one-fifth of the 
entire volume of blood, and the venous blood returning from it is charged 
with waste matters, and its temperature is increased. 

2. The muscular tissue, on account of the many chemical changes 
occurring during active contractions, must be regarded as the chief heat- 
producing tissue. 

3. The secreting glands, during their functional activity, add largely to 
the amount of heat. 

Of tbe entire quantity of heat generated in the body, it is estimated 
that only a small proportion is utiUzed, as five-sixths escape by radiation 
and evaporation, the remaining one-sixth being utilized in keeping the 
body at the normal temperature standard, ^.(i° P., and in the production 
of muscular force. 

The body loses heat by radiation and evaporation from the general cuta- 
neous surface, the respiratory passages and by the urine and fxces. About 
7; per cent, of all the heat lost escapes from the skin. In passing through 
the lungs the temperature of the blood is lowered by about 1° Fahr. 






The ntrvoHS syslim influences the produclion of heal in a part, by 
increuiiiig the amount of blood going through it by its action upon Ihe 
-motor nerves. Whether there exists a special heat centre has not 
'been satisfactorily determined, though this is probable. 

SECRETION. 

The Process of Secretion consists in tlie separation of materials from 
the blood, which are either to be again utilized to fulUlI some special pur- 
pose in the economy, or are to be removed from the body as excrementi- 
tious matter; in the former case they constitute the secretions, in the latter, 
the excrttioas. 

The materials which enter into the composition of the secretions are de- 
rived irom the nutritive principles of the blood, and require special oi^ans, 
e.g., gastric glands, mammary glands, etc., for their proper elaboration. 

The materials which compose the excretions pre-exist in the blood, and 
are the results of the activities of the nutritive process; if retained virithin 
Ihe body they exert a delelerioos influence upon the composition of the 
_ blood. 

Destruction of a secreting gland abolishes the secretion peculiar to it, 
It be formed by any other gland ; but among the excreting 
15 there exists a complementary relation, so that if the function of one 
l^n be interfered with, another performs il, to a certain extent. 
CLASSIFICATION OF THE SECRETIONS, 



IS fluids, 
povial Huid. 
kqaeous humor of the eye. 



n (external meatus}, 
eibomian fluid, 
tfilk and colostrum. 



^ration and the 
Ihe axillary glands. 



Vitreous humor of the eye. 

Fluid of the labyrinth of the internal 

Cerebro- spinal fluid. 

Pancreatic juice. 

Secretion from Brunncr's glands. 
Secretion from Lieberkiihn's glands. 
Secretion from follicles of the large 



. (.1., 



Bile (also a secretion), 



Seminal fluid, contain i ng spermato^oids. Fluid of the Graafian follicles. 

The essential apparatus for secretion is a delicate, homogeneous, 
structureless iagmiraiu,aa one side of which, in close contact, is a Cspillaiy 
plexus of ilaaii vissels, and on the other side a layer of alls whose ph;si( 
Ic^cal function varies in different situations. 

Secreting organs may be divided into membrants and glands. 

Serous membranes usually exist as closed sacs, the inner surface of 
which is covered by pate, nucleated epithelium, containing a. small am 
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IS membranes e.iethc/Uara,/critoneuin,/encar-Jium, synovial 



The sirmi! Jluids are of a pale amber color, somewhat viscid, alkaline, 
coagulable by heat, and resemble the serum of tbe blood ; their amount is 
but small ; the pleural varies from 4 to 7 drachms ; the peritoneal from I 
to 4 ounces ; the pericardial from I to 3 drachms. 

The synovial ^uid is colorless, alkaline, and extremely viscid, from the 
presence of synavine. 

Xite/HnciiBn ai serous fluids is to moisten tbe opposing surfaces, s 
to prevent friction during the play of the viscera. 

The mucous tntmbrants are soft and velvety in character, and line the 
cavities and passages leading 10 the exterior of the body, t. g., the gaslro- 
in/tstiititl, pulaiaHary and genila-urinary. They consist of a primary 
basement membrane covered with epithelial cells, which, in some s 
tions, are tessellated, in others, columnar. 

Mucus is a pale, semi-transparent, alkaline Quid, containing epathelial 
cells and leucocytes. It Is composed, chemically, of water, an albumin- 
ous principle, fHUiTcriM^, and mineral salts ; the principal van eties are nasal, 
bronchial, vaginal and urinary. 

Secreting Glands are formed of the same elements as the secreting 
membranes; bpl instead of presenting flat surfaces, ate involuted, forming 
tubules, which may be simple follicles, i. g., mucous, uterine or intestinal ; 
or eompoand fallicUs, e. g., gastric glands, mammary glands ; or raeemese 
glands, f. g., salivary glands and pancreas. They are Composed of a 
basement membrane, enveloped by a. plexuffof blood vessels, and are lined 
by epithelial and true secreting cells, which in ilifferent glands possess the 
capability of elaborating elements characteristic of their secretions. 

In the production of the BccretioHB two essentially different processes 



M HU. 

I, Chtmical. Tbe formation and elaboration of the cbsracteristic ot^nic 
ingredients of the secreting flaids, t. g., pepan, pancreatin, takes place 
during the intervals of glandular activity, aa a part of the general function 
of □utritioU' They are formed by the cells lining the glands, and can 
often be seen in their interior with the aid of the microscope, e. g., bile in 
the liver cells, fat in the cells of the mammary gland. 

3. Pkysual. Consisting of a transudation of water and mineral sails 
from the blood into the interior nf the gland. 

During the intervals of glandular activity, only that amount of blood 
passes through the gland sufficient for proper nutrition; when the gland 
begins to secrete, under the inHuence of an appropriate stimulus, the blood 
vessels dilate and the quantity of blood becomes greatly increased beyond 
that flowing through the gland during its repose- 
Under these coaditionB a transudation of water and salts takes place, 
washing out the characteristic ingredients, which are discharged by the 
gland ducts. The dischargt of the secretions is intermitlent; they are 
retained in the glands until they receive the appropriate stimulus, when 
they pass into the larger ducts by the visa-lergo, and are then discharged 
by the contraction of the muscular walls of the ducts. 

The aclivily of glandular secretion is hastened by an increase in the 
blood pressure and retarded by a diminution. 

The tiervous cenltes in the medulla oblongata influence secretion, (■) by 

increasing or diminishing the amount of blood entering a gland ; (2) by 

enerting a direct influence upon the secreting cells themselves, the centres 

being excited by reflex irritation, mental emotion, etc. 

MAMMARY GL.ANDS. 

The Mammary Glands secrete the milk, and undergo at diHerent 
periods of life remarkable changes in si^e and structure. Though ntdi- 
mentary in childhood, they gradually increase in size as the young female 
approaches puberty. 

The gland presents, at its convexity, a small prominet^ce of skin, the 
nipple, surrounded by an areola of a deeper tint. It is covered anteriorly 
by a layer of adipose tissue and posteriorly by a fibrous structure which 
attaches it loosely to i\ie f/aeralis muscle. 

Duripg utirs-gtstalioH the mamma: become large, firm, well-developed 
and lobulated ; the areola becomes darker and the veins more prominent. 
In the intervals of hictatian the glands gradually shrink in ii7.e to their 
original condition, undergo involution, and became non -secreting oi^ns. 

Structure of the Mammae. The mamma is a conglomerate gland. 
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con^sting of a Dumber of /d^j, from 15 to 20 in number, each of which u 
Eubdivided inio lolmles made up of gland vesicles or acini. The dud: 
which convey the secretion to the exterior, the lactiferous ducts, open by 
15 to 20 orificM upon the surface of the nipple, at [he base of which they 
are dilated to fomi litde reservoirs in which the milk, collects during the 
periods of active secretion. 

The ^uaUs of the lacteal duct consist of white, Abrous tissue, and nc 
striated muscular fibres, lined by short columnar cells, which diaappi 
during active Uctation. The ducts measure atiout the ^'j of an inch in 
diameter ; as they pass into the substance of the gland, each duct divides 
into a number of branches, which are distributed to distinct lobules and 
terminate in the acini. 

Ad oHnus is made up of a number of vesicles composed of a homoge- 
neous membrane, lined by pavement epithelium. The gland vesicles are 
beld t<^ther by white, fibrous tissue, which unites the lobules into lobes. 
MILK 

Milk has a pa.le, blue color, is almost inodorous, of a sweetish taste, an 
tklkaline reaction, and a specitic gravity varing from 1.025 1° 1.046. 
Examined microscopically it is seen to contain an immense number of 
globules, measuring the ynitii °^ ^^ ''"^'' '" diameter, suspended in a clear 
fluidi these are the milk globules, formed of a small mass of oily n 
covered by a layer of albumen. 

The quantity of milk secreted by the human female in 24 houis, during 
the period of lactation, is about two to three pints ; the quantity ri 
by the infant from a full breast at one time being about two ounces. 
COMPOSITION OP HILK. 

Water 

Proteids, including casein and serum albumen^ 

Fatty matter (butter) 

Sugar (lactose) with cutracaves 



1 



Salts ... 



Casein is the nutritive principle of milk, and constitutes its most import- 
ant ingredient. It is held in solution by an alkali, but upon the addition 
of an acid it undergoes coagulation, passing into a semi-solid form. The 
presence of lactic acid, resulting from a transformation of milk sugar, 
causes spontaneous copulation to take place. 

The i-'alty matter is more or less solid at ordinary temperature, and con- 



gists of margarine and oleine ; when subjected to the churning process the 
globules run together and form a coherent mass, the hutttr. 

When milk Is ailowed Co stand for a varying length or time the fat glob- 
ules rise to the surface, forming i. layer more or less thick, the crtam. 

Milk lugar or lactost is an important ingredient in the food of the young 
child ; it is readily transformed into lactic acid in the presence of nitro- 
gen! icd ferments. 

Influences modifying the secTelion. During lactation there is a 
demand for an increased amount of fluid, and if not supplied, the amount 
of milk secreted is diminished. Good food in suHident quantity is neces- 
saiy for the proper elaboration of milk, though no particular article influ- 

Mmtal emotion at times indueDces the character of the milk, decreasing 
the amount of its different ci 



MechaniBm of Secretion. The water and sal 
and pass into the gland veacles by osmosis. The 
sugar appear only in the mammary gland, but the 
■nation Is not un<lerstood. 

Colostrum is a yellowish, opaque fluid, formed 
towards the latter period of utero -gestation i it con 
a laxative 






■xist in the blood 



:i the tnammaiy glands 
T, albumen, 



litt, sugar and salts, and acts as a laxative to the newly born infant. 
I VASCULAR OR DUCTLESS GLANDS. 

The Vascular Glands are regarded as possessing the power of acting 
upon certain elements of the food and aiding the process of sanguiniH- 
calion ; of modifying the composition of the blood as it flows through their 
substance, by some act of secretion. 

The vascular glands are the sflten, suprarenal eafsuUs, thyroid and 
thymus glands. 

The Spleen is about 5 inches in length, d ounces in weight, of a dark 
bluish color, and liluated in the left hypochondriac region. It is covered 
externally by a reficclion of the peritoneum, beneath which is the proper 
iibrouB cow, composed of areolar and clastic tissue and non-*trialed 
muscular fibres. From the inner surface of the fibrous envelope processes 
or trabecule are given olf, which penetrate the uubslance of the gland, 
forming a network, in the meshes of which is contained the ifUfH pulp. 
The splenic artery divides into a number of branches, some uf which, 
when they become very minute, pass directly into veins, while others 
tcnniiiatc in true capillaries. 
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As the capitkty vessels tomify through the substance of the glatid their 
walls frequently disappear ajid the blood passes from the aiteries iulo the 
through lasuna (Gray). 

The s/i/^tiK or Malpighiitn coTpiiicUi are small bodies, spherical or ovoid 
in ahape, the ^nl aj\ inch in diameter, situated upon the sheaths of the 
smal! arteries. They Consist of a. delicate membrane, conlaiiiing a semi- 
fluid subsunce composed of numerous small cells resembling lymph cor- 
puscles. The spleen pulp is a dark red, semi tluid substance, of a soft 
consistence, contiuned in the meshes of the trabecule. In it are found 
numerous corpuscles, like Ihose observed in the Malpighian bodies, blood 
corpuscles in a natural and altered condition, nuclei and pigment granules. 

Function of tbe Spleen. Probably iuHuences the preparation of the 
albuminous food for nutrition ; during digestion the spleen becomes larger, 
its contents arc increased in amount, and after digestion il gradually dimin- 
ishes in siic, returning lo the normal condition. 

The red corpuscles are here diant^rated, after having fulfilled their 
function in the blood; the splenic venous blood containing relatively a 
small quantity. 

The wkile corpuscles appear (o be iticreased in number, the blood of the 
splenic vein containing an unusually large proportion. 

The spleen serves also as a reservoir for blood when Ihe portal circata- 
Mon becomes obstructed. 

The Tiervous system controls the enlargement of the spleen; division of 

e nerve produces dilatation of the vessels, stimulation contriLCts ihem. 

The Supra-renal Capsules are triangular, flattened bodies, situated 
above the kidney. They arc invested by a librous capsule sending in 
trabeculrc, forming the framework. The glandular tissue is Composed of 
two portions, a cortical and medulhry. The cortical being made up of 
small cylinders lined by cells and containing an opaque mass, nuclei and 
granular matter. The medallary consists of a fibrous network coutaining 
in the alveoli nucleated protoplasm. 

The Thyroid gland consists of a fibrous stroma, containing ovoid 
closed sacs, measuring on the average -^^af s. inch, formed of a delicate 
membrane lined by cells; the Contents of the sacs con^st of yellowish 
albuminous tluid. 

The Thymus gland is most developed in early life and almost disap- 
pears in the adult. It is divided by processes of fibrous tissue into lobules, 
and these again into follicles which contain lymphoid corpuscles. 

The fitnclmts of the vascular glands appear to be the more complete 



[ 



68 

eiaboralion of the blood necessary for proper n 

highly developed during infancy and embryonic life, when growth and 

EXCRETION. 

The Principal Excremcnlitious Fluids discharged fiom Ihc body 

re the urine, perspiration and bile; [hey hold in solution principles of 

asle which are generated during the activity of the nutritive process, and 

are the ultimate forms to which the oi^^nic constituents are reduced in 

the body. They also contain inorganic salts. 

The Urinary Apparatus consists of the kidneys, ureters and bladder. 

KIDNEYS. 
The Kidneys are the organs for the excretion of urine; they resemble 
a hean in shape, are from four to five inches in length, two in breadth, and 
weigh from four to six ounces. 

They are situated in the lumbar region, one on each sde of the verte- 
bral column, behind the peritonenm. and extend from the Ilth rib to the 
^^^H crest of the ilium ; the anterior surface is convex, the posterior concave, 
^^^H uid presents a deep notch, the hilum. 

^^^H The kidney is surrounded by a thick layer of fat, beneath which is the 
^^^B fibrous coat, thin and smooth, composed of dense white fibrous tissue with 
I which are intermingled elasUc fibres. It is adherent to the surface of the 

I orgun, but can easily be removed by dissection, 

L The Substance of the Kidney is dense, but friable ; upon making 

^^^B a longitudinal section, and dividing it, there is presented a cavity, the 
^^^^H ftivis, lined by the proper fibrous coat and occupied by the expanded 
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n of the ureltr. 
The kidney exhibits two structures, viz. ; — 
. An txtema/ot coriiial portiim, about '^ of ni 
I leddish color, and somewhat granular. 

:. An inltmalas medullary portion, of a dark red color, arranged in 
the fonn i^i pyramids, the bases of which are directed towards the cortical 
1, and the apices toward the pelvis, into which they project, and are 
covered by the calyces. 
The Cortical portion of the kidney consists of a delicate matrix con- 
inber of tubules, having a markedly convoluted 
appearance, and interlacing in every direction (the tubules of Ferrein). 
Throughout its structure aje numerous ovoid bodies, lie Malpighian iadiet, 
which are the flask-like tcrminalionsof the convoluted tubules; these tulles 
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'C composed of a delicate homogeneous membrane lined by nnclealed 
cells. After pursuing a mosl intricate course in the cortica.1 portion, they 
ind form loops which dip into the pyramidal portion 
(Henle's tubules), returning upon themselves, to finally terminate in the 
straight tubes of the pyramids. 

The Malpighian bodies, the dilated entremiticBof the convoluted tubes, 
consist of a little sac, which is ovoid in shape, measuring about the ^^^ 
of an inch in diameter, and contains a tufted mass of minule blood vessels, 
over the surface of which is reflected a. layer of cells. 

Medullary Substance. The conical masses, Ihc fiyraniidi n/Ma/fii- 
gAi, consist of a number of straight tubes, viihich commence at the apes by 
from I o to 20 openings; and as they pass towards the cortical portion, they 
divide and subdivide at acute angles, until a large mass of tubes is pro- 
duced. These lubes ore on the average about ^^^ of an inch in diameter, 
and composed of a thin, but tirm, elastic, structureless membrane, lined by 
polygonal nucleated cells, which reduce the diameter of the lumen of the 
tube about two-thirds ; these are the straight tuits of Bellini. 

Blood vessels of the Kidney. TTii rtnal artery is of targe aie and 
enters the organ at the hilum ; it divides into several lai^e branches, 
■which penetrate the substance of the kidney, between the pyramids, at 
the base of which they form an anastomosing plexus, which completely 
surrounds them. From this plexus vessels follow the straight lubes towards 
the apes, while others entering the cortical portion, divide into small twigs 
which enter the Malpighian body and form a mass of convoluted vessels, 
the glomerulus. After circulating thiongli the Malpighian toll: the blood 
is gathered together by two or three small veins, which again subdivide 
and form a fine capillary plexus, which envelops the convoluted tubules ; 
from this plexus (he veins converge to form the emulgent vein, wh 
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The Nerves of the kidney follow the course of the blood vessels and 
are derived from the renal plexus. 

The Ureter is a membranous tube, situated behind the peritoneum, 
about the diameter of a goose quill, 18 inches in length, and extends from 
the pelvis of the kidney to the base of the bladder, which it perforates in 
an oblique direction. It is composed of 3 coats, fibrous, muscular and 
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The Bladder is a temporary reservoir for the reception of the u 
ts expulsion from the body -, when fully distended it is ovoic 
id holds about one pint. It is composed of four vnal.?., so 




^^^^H muscular, the flbres of which are arranged longitudinally and circnlarljr, 
^^^^H areolar and mucous. The orifice of the bladder is controlled by the 
^^^^H sphinclfr vesica, a muscular banil, about half an inch in width. 
^^^^^^ Ab soon as the urine is formed it passes through the lahuli 
^^^^^v feri into the pelvis, and from thence through the ureters into the bladder, 
^^^^^V which it enters at an irregular rate. Shortly after a meal, after the ingestion 
^^^^B oflargequantitiesof fluid, andailer exercise, the urineflows into the bladder 
^^^^^m quite rapidly, while it is reduced to a few drops during the intervals of 
^^^^H digestion. It is prevented from regui^itating into the ureters on account 
^^^^F of the oblique direction they take between the mucousand muscular coats. 
I Nervous Mechanism of Urination. When the urine has passed into 

I the bladder it is there retained by the sphincter veslciE muscle kept in a 

F stale of tonic contraction by the action of a nerve centre in the lumbar 

^^^^_ Te^on of the spinal cord. This centre can be inhibited and the sphincter 
^^^^L relaxed, either rtJUxly, by impresaians coming through sensory nerves from 
^^^^H the mucous membrane of the bladder, or dirictly, by a voluntary impulse 
^^^^r descending the spinal cord. When the desire to ariaate is experienced, 
^^^^ impressions made upon the vesical sensory nerves are carried to the centres 
governing the sphiniter and detrusor vrins muscles and to the brain. If 
now the act of urination is to take place, a voluntary impulse, originating 
in the brain, passes down the spinal Cord and still further inhibits the 
sphincter vesicae centre, with the effect of relaxing the muscle, and of 
stimulating the centre governing the detrusor muscle, with the effect of 
contracting the muscle and expelling the urine. If the act is to be sup- 
pressed voluntary impulses inhibit the detrusor centre and possibly Simu- 
late the sphincter centre. 

Yixtgeitllo-spiHai centre controlling these movements is situated in that 
portion of the spinail cord corresponding to the origin of the 3d, 4th and 
5Ih sacral nerves. 

URINE. 
Normkl Urine is of a pale yellow or amber color, perfectly transpa- 
rent, with an aromatic odor, an acid reaction, a specific gravity of t.020, 
and a temperature when first discharged of ioo° Fahr, 

The csior varies considerably in health, from a pale yellow to a brown 
hne, due to the presence of the coloring matter, ureiiliH or umcAmme, 

The transparency is diminished by the presence of mucus, the calcium 
and magnesium phosphates and the mixed urates. 

The reaction is slightly acid, caused by the acid phosphate of sodium. 
After standing for a short time, an increased acidity is observed, due to an 
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acid fermentation, from the presence of mucus. The urea is converted 
into ammonium carbonate, giving rise to a strong ammoniacal odor. 

The specific gravity varies from i.oio to 1.025. 

The quantity of urine excreted in 24 hours is between 40 and 50 fluid 
ounces, but ranges above and below this standard. 

The odor is characteristic, and caused by the presence of tauryiic and 
phenylic acids, but is influenced by vegetable foods and other substances 
eliminated by the kidneys. 

COMPOSITION OP URINE. 

Water 967. 

Urea 14.230 

Other nitrogenized crystalline bodies, uric acid, prin-i 
cipally in the form of alkaline urates. 

Creatin, creatinin, xanthin, hypoxanthin. 

Hippuric acid, leucin, tyrosin, taurin, cystin, all in 
small amounts, and not constant. 

Mucus and pigment. 
Salts: — 

Inorganic^ principally sodium and potassium sulphates, 
phosphates and chlorides, with magnesium and cal- 
cium phosphates, traces of silicates and chlorides. 

Organic; lactates, hippurates, acetates, formates, 
which appear only occa.sionally. 

Sugar a trace. 

Gases (nitrogen and carbonic acid principally). 

1000.00 
The Average Quantity of the principal constituents excreted in 24 
hours is as follows : — 

Water 52 fluid oz. 

Urea , 512.4 grains. 

Uric acid 8.5 " 

Phosphoric acid 45.0 " 

Sulphuric acid 31.11 " 

Inorganic salts 323.25 " 

Lime and magnesia 6.5 " 

To Determine the amount bf solid matters in any given amount of 
urine, multiply the last two figures of the specific gravity by the coefficient 
of Haeser, 2.33 ; e. g.y in 1000 grains of urine having a specific gravity 1.022, 
there are contained 22 x ^-ZZ = 5^-26 grains of solid matter. 
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HUMAN 

The Elimination of the urinary canstituenls is accomplished by the 
two jirocesses of fillration and secretion. 

« I. By Filtration the water and mineral salts are removed from the 
blood, and takes place, for the most port, in the Malpighian corpuscles, by 
I tbe process of osmoBis, The amount of these conBtiluents eliminated 
ries with the pressure of blood in the renal arteries. All of the agen- 
ts which increase the genera! blood pressure increase the qoantitj of 

Season. In summer, while the capiilai; vessels of the skin are dilated, 
[ and perspiration is abundant, there Is a diminished blood pressure, and a 
consequent diminution in the amount of urine ; in winter the reverse lakes 
place. 

During ship the renal excretion is diminished, but increased in the 
morning hours, and especially after the ingestion of hearty meals. 

Tht nervoui syslevi influences the secretion of urine. Irritation of the 
medulla oblongata, a little above the origin of the pneumogaslric and 
auditoiy nerves, increases the quantity; division of the renal nerves 
destroys the nutrition of the kidney, and thus interferes with the elimina- 
tion of the urine. Mental emotion, fear, anxiety, etc., increase the amount 

s. Secretion. While it is established that the Malplghian corpuscles 

I permit the (iltralion of water and salts, it has also been shown that the 
renal epithelial cells lining the convoluted tubes are the agencies by which 
Ihe solid matters, as una, ireatin, etc., are removed from the blood, l>y a 
process of trut secretion, which Is independent of blood pressure and 
caused by the presence of these ingredients in the blood. 
Urea is the most important of the organic constituents of the urine. It 
is a colorless, neutral substance, crystallizing in four-sided prisms, soluble 
in boiling alcohol and water; when subjected to prolonged boiling it is 
decomposed, with the prcHiuction of ammonium carbonate. 
Urea is not formed in the kidneys, but pre-exists in the blood. 
The Amount of Urea excreted in 24 hours is estimated at about 500 
grains ; it is increased during the waking hours, by an animal diet, and by 
prolonged muscular exertion \ dimittisked during sleep and by non- 
nitrogeniied food. 
Source. Urea results from an imperfect oxidation of the albuminous 
principles of the food, and from a disintegration of the oi^nnic constituents 
of Ihe tissues. 
trie iicid, or liliii acid, is a constant ingredient of Ihe uriaei the 
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■aoant excreted daily is about 8 grains-, it is increased by nitn^eniied, 
decreased by naa-nitragenized food. Il exists in tlie urine in a free state, 
and as the urate of soda. Il arises from the disassimilation of albumiaaas 
compounds, and when secreted in excess is deposited in a crystalline fonn, 
as a browD or "brick-red" sediment, with the sodium and a 






Creahn is a colorless, transparent substance, crystallising in prisms; 
found in blood, kidneys, and muscular lissae; by boiling in acid solutions 
it is transformed into 

Criotinia, which resembles creatin chemically. It is soluble in wat 
and alcohol, and crystallizes in colorless prisms. About 15 grains a 
excreted daily. 

The Earthy phosphates are insoluble in water bill held In solution in tl 
nrine by the acid reaction. If the urine becomes alkaline, they are d 
posited copiously, and yet may not be increased in quantity ; from 15 to 2^ 
grains are excreted in 24 hours. The sulphates are those of sodium ai 
potassium ; they are very soluble and do not appear as a precipitate ; t 
average quantity excreted in 24 hours is about 60 grains. 

Abnormal ingridimls appear in the urine at limes, in pathological cc 
g., sugar, albumen, biliary salts, etc. 

The Gases of the urine are carbonic acid and nitrogen. 



LIVER. 

a highly vascular, conglomerate gland, appended ti 



The Liver is 
lentary canal, and peribrms the triple office of (i ) excreting bile, {p.) 
elaborating blood and (3) secreting glycogen. 

the largest gland in the body, weighing about 4J^ pounds ; 
1 in Che right hypochondriac region, and retained in position by five 
ligaments, four of which are formed by duplicalures of the pcritoneai it 



The proper coal of the liver is a thin but firm tibrous membrane, closely 
adherent to the surface of the organ, which it penetrates ol the Iransversi 
fissure, and follows the vessels in their ramifications through its substance 
ConUiluting Glissan's capsule. 

Structure of the Liver, The Lvei is made up of a large number of 
small bodies, tie lobules, rounded or ovoid in shape, measuring the jjt of 
an inch in diameter, separated by a space in which are situated blood 
vessels, nerves, hepatic ducts and lymphatics. 

The lobules are composed of cells, which, when eiiamined mieroseopi- 
cally, eihibi! 3 rounded or |iolygonal shape, and measure, on the average, 



["the ; Jo b of an inch in diameter; tliey possess one, am] a1 limes two, nuclei; 
I IhCy also contain globules of fat, pigment matter, aDd animal starch. The 

cells constitute the stcreting strncture of the liver, anil are the Irut hepatic 

tc/ls. 



t the liver are (l) The /ertal vi 
superior ^TxA inferior mtstnteruveimri^) 



The Blood vessels whii 
made up of the ,f nj/rjV, splcii^ 

(he kipaiii arlery. a branch of Ihe cosliac axis ; both of which are invested 

b)' a shpath of areolar tissue; the vessels which leave the liver are the 

htfalic veins, originating in its interior, collecting the blood distributed bjr 

I the portal vein and hepatic artery, and conducting it to the oieending vena 



Distribution of Vessels. The fnrtal vein and hepatic arlery, upon 
entering the liver, penetrate its substance, divide into smaller and smaller 
branches, occupy the spaces between the lobules, completely surrounding 
and limiting Ihero, and constitute the inlcr-ioiu/ar vessels. The hepatic 
arlery, in its course, gives off branches to the walls of the portal vein and 
Glisson's capsule, and linally empties into tlie small branches of the portal 
vein in the inlcrlobulsr spaces. 

The inlertobular veaeh form a rich plexus around llie lobules, from 
which branches pass to neighboring lobules and enter their substance, 
where Ihcy form a very fine network of capillary vessels, ramifying over 
the bepatic cells, and among which the various functions of the liver are 
performed. The blood is then collected by small veins, convei^ng toward 
the centre of the lobule, to form the intra-lobular vein, which tuns through 

tils long axis and empties into the iui-loltular vein. The hcpatk veins are 
formed by the union of the sub-lobular veins, and carry tbe blood to the 
ascending vena cava; their walls are thin and adherent to the substance of 
the hepatic tissue. 
The Hepatic Ducts or Bile Capillaries originate within the lobules, 
in a very line plexus lying between the hepatic cells ; whether the smallest 
vessels have distinct membranous walls, or whether they originate in 
spaces between the cells by open orifices, has not been salisraclorily 
determined. 
Tlie Bile Channeit empty into the itilerlobular ducts, which measure 
about the i^^i °^ '"' '"'^'' '" '''^^cter, and are comiiosed of a thin homo- 
geneous membrane lined by flallcned epithelial cells. 
As the interlobulnr bile ducts unite to form larger trunks, they receive 
an external coat of fibrous tissue, which strengthens (heir walls; they 
tinally Unite to form une large duct, llie hrpalic duel, which joins the lyM 




dttet; the union of the tiro forms the duclus cBminuHts ihotedockus-.'n'tiv^ 
is atiout three inches in length, the size of a goose quill, and opens into 
the duodenum. 

The Gall Bladder is a pear-shaped sack, about four inches in length, 
atualed in a fossa on the under surface of Ihe liver. It is a reservoir for 
the bile, and ia cap:Lh1e of holding about one ounce and a half of Huid. It 
is composed of three coats, (i) serous, a reflection of the peritoneum, (a) 
tibrous and muscular, (3) mucous. 

(1) Bile. Mechanism of its Secretion. Bile does not preSxist in 
Ihe blood, but is formed in the interior of the hepatic cells, from materials 
derived from the venous as well as arterial blood. The secreted bile is 
(hen taken up by the delicate plexus of vessels, from which it passes into 
the larger ducts, and finally either empties into the intestine or ia regur- 
gitated baeltward into the gall bladder, in which it is stored up during the 
intervals of digestion. 

Although Ihe secretion of bile is constantly taking place, it is only when 
Ihe food passes into the intestinal canal that ihis Huid is discharged abund- 
antly, under the influence of the contraction of Ihe walls of the gall 
bladder; it increases in amount dtiring the period of active digestion, from 
the 2d to the 8th hour, and then gradually diminishes. 

The Bile is bolh a seerelion and an fxcrelion ; A conlains new con- 
stituents which are formed only in Ihe substance of the liver, and are 
destined to play an important part ultimately in nutrition ; it contains also 
vi-asle ingredients which are discharged into the intestinal canal and 
eliminated from the body. 

The physical properlies and functions of bile have been considered 
under the head of digestion (see page 27). 

(2) Elaboration of Blood. Besides the capability of seceding bile, the 
liver possesses the property of so acting upon and modifying the chemical 
composition of the products of digestion, as they traverse its substance, 
that they readily assimilate wilh Ihe blood, and are transformed into mate- 
rials capable of being converted into Ihe elements of the blootl and solid 

The alhaminoii particularly requires Ihe modifying influence of the 
liver; for if it be removed from the portal vein and introduced into the 
jugular vein, it is at once removed from the blood by the action of Ihe 
kidneys. 

The Mood of the kepaisc vtin differs from the blood of the parta! vein, 
in being richer in blood corpuscles, U>!h red and white; its plasma is 



more dense, contnining a less percentage of water and a greater snoant 
of Kolid constituents, but no fibrin; its serum contains less oibumen, fat 
and sails, but its sugar is iocreased. 

(3) Glycogenic Function. In addition to the (wo preceding func- 
tions, Bernard, in 1848, demonstrated the fact that the liver, during life, 
normally produces a sugar- frarning substance, analogous in its chemical 
compo&ilion to starch, which he termed glycogen ; also that when the 
liver is removed from the body, and its blood vessels thoroughly washed 
out, after a few hours, sugar again makes its appearance, in abundance. 

It can be shown to cxl'it in the blood of the hepatic vein as well as in 
a decoction of the liver substance, by means of either Trammer's or 
Fehling's tests, even when the blood of the portal vein does oot contain a 
trace of sugar. 

Orig^ and Destination of Glycogen. Glyc<^en appears to be 
formed nV Hoiie in the liver cells, from materials derived from the food, 
whether the diet be animal or vegetable, though a larger per cent, is 
formed when the animal is fed on starchy and saccharine, than when fed 
on animal food. The glucose, which is one of the products of digestion, 
is absorbed by the blood vessels and carried directly into the liver; as it 
does not appear in the urine, as it would if injected at once into the 
general circulation, it is probable that it is detained in the liver, dehydrated 
and stored up as glycogen. The change is shown by the following formula; 
Glucose. Water. Glycogen. 

C,Hi,0, — H,0 = C,H,„0,. 

The glycogen thus formed is stored up in the hepatic cells for the 
future requirements of the system. When it is carried from the liver it is 
again transformed into glucose by the agency of a ferment. Glycogen 
does not undei^o oxidation in the blood ; this takes place In the tissues, 
particularly in the muscles, where it generates heat and contributes lo the 
development of muscular force. 

Glycogen, when obtained from the liver, is an amorphous, starch-like 
substance, of a white color, tasteless and odorless, and soluble in water ; 
by boiling with dilute acids, or subjected to the action of an animal 
ferment, it is easily converted into glucose. When an excess of sugar is 
generated by the liver, it can be found, not only in the blood of the hepatic 
vein, but also in olher portions of the body; under these circumstances 
it is eliminated by the kidneys, appearing in the urine, constituting the 
condition ol glycesurin. 

The nervous aystem influences the prudiiclion of the glycogenic 
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itation of the mednlU oblongaU, between the auditory and 
pneamogastric nerves, is followed by an increase in the production of 
sugar, and its appexnuice in the urine, which, however, is only temporary. 

SKIN. 

The Skin, the external investment of the body, is a m 
ortaol structure, serving (I) as ^ proltctk'i ctniering ; 
tactile senHbilily ; {3) an organ for the elimination 0/ txcremeniilious 

The Amount of Skin investing the body of a r 
I about twenty feet, and varies in thickness, in diSerei 
1 }i to the rJ, of an inch. 

The skin consbis of two principal layers, vit., 
Corium, and a superficial portion, the Epidermii. 

The Cotium. or Cutis Vera, may be subdivided into a tfticulaud and 
a papillary layer. The former is composed of white fibrous tissue, non- 
striated muEcuUr fibres and elastic tissue, interwoven in every direction, 
forming an areolar network, in the meshes of which are deposited masses 
of fat, and a structureless amorphous matter; the/a//f/-is formed mainly of 
club-shaped elevations or projections of the amorphous matter, constituting 
^c papiiltE ; they are most abundant, and well developed, upon the palms 
of the hands and the soles of the feet ; ihey average the j^ of an inch in 
length, and may be simple or compound ; they are well supplied with 
nerves, blood vessels and lymphatics. 

The BpidermiB or scarf akin is an extra vascular structure, a 
product of the true skin, and composed of several layers of cells. It may 
be divided into two layers, the reir aiKoium or the Malpightan laytr, and 
the Aomy or come/nu. 

The/armtr elosely applies itself to the papillary la^er of the true shin, 
and is composed of la^e, nucleated cells, the lowest layer of which, the 
"prickle cetb,^' Contain pigment granules, which give to the skin its vary- 
ing tints in different individuals and in diiferent races of men ; the more 
superficial cells are large, colorless, and semi-transparent. The latter, 
the corneous layer, is composed of flattened cells, which, from their 
exposure In the atmosphere, are hard and horny in texture: it varies in 
thickness from J^ of an inch on the palms of the hands and feet, to the 
jjj of an inch in the external auditory canal. 
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APPENDAGES OF THE SKIN. 

Kbits are found in almost aJl portioas of the body, and can be divided 
into (i) long, Eoft hairs, on the head; (2] short, stilT hairs, along the edges 
of the eyelids and nostrils ; (3) soft, downy hairs, on Ihe general cutane- 
ous surface. They consist of a rool and a shaft, which is oval in shape, 
and about the jj,, of an inch in dianieler; it connsts of fibrous tissue, 
covered externally by a layer of imbricated cells, and internally by cells 
containing granular and pigment mmerial. 

The .^001' of the hair is embedded in the hair follicle, formed by a tubular 
depression of the skin, extending nearly through to the subcutaneous tissue ; 
its walls are formed by the layers of the corium, covered by epidermic 
cells. At the bottom o( the follicle is a papillary projecdon of amorphous 
matter, corresponding to a papilla of the true skin, containing blood vessels 
and nerves, upon which the hair root rests. The investments of the hair 
roots are formed of epithelial cells, constituting tlie internal and extcrmil 

The hair protects the head from the heat of the sun and cold, retains 
the heat of the hodv, prevents (he entrance of foreign matter into the lungs, 
nose, ears, etc. The cohr is due to the pigment matter, which, in old 3^, 
becomes more or less whitened. 
^^ The Sebaceous Glands, imbedded in the true skin, arc simple and 

^^^^L compound racemose glands, opening, by a common excretory duct, upon 
^^^^b the surface of the epidermis or into the hair follicle. They are found in 
^^^^P all portions of the body, mosl abundantly in the face, and are formed by a 
^^^^ delicate, stnidureless membrane, lined by Rattened polyhedral cells. The 
W Eeboccous glands secrete a peculiar oily matter, the sebum, by which ihe 

I skin is lubricated and the hairs softened ; it is quite abundant in Iht region 

I of the nose and forehead, which often present a grcaiiy, glistening appear- 

I ance ; it consists of water, mineral salts, fatly globules, and epithelial cells. 

I The Vemix caieosa which frequently covers the surface of Ihe fietus at 

L birth consists of Ihe residue of Ihe sebaceous matters, conlaining epithelial 

^^^_ ceWt and falty matters ; it seems to keep the skin soft and supple, and 
^^^K guards il from the elTects of the long continued action of water. 
^^^^1 The Sudonparous Glands excrete the sweat ; they consist of a mass 

^^^^H or coil of a tubular gland duct, situated in Ihe derma and in the sub- 
^^^^V cutaneous tissue ; average the ^ of an inch in diameter, and are surrounded 
^^^^H \iy a rich plexus of capillary blood vessels. Prom this coil Ihe duct passes 
^^^^1 in a straight direction up through the skin to the epidermis, where it makes 



SKIN. 69 

a few spiral turns and opens obliquely upon the surface. The sweat 
glands consist of a delicate homogeneous membrane lined by epithelial 
cells, whose function is to extract from the blood the elements existing in 
the perspiration. 

The glands are very abundant all over the cutaneous surface, as many 
as 3528 to the square inch, according to Erasmus Wilson. 

The Perspiration is an excremendtious fluid, clear, colorless, almost 
odorless, slightly acid in reaction, with a specific gravity of 1.003 ^^ 1*004. 

The total quantity of perspiration excreted daily has been estimated 
at about two pounds, though the amount varies with the nature of the food 
and drink, exercise, external temperature, season, etc. 

The elimination of the sweat is not intermittent, but continuous ; but 
it takes place so gradually that as fast as it is formed it passes ofl* by 
evaporation as insensible perspiration. Under exposure to great heat and 
exercise the evaporation is not sufficiently rapid, and it appears as sensible 
perspiration. 

COMPOSITION OP SWEAT. 

Water 995-573 

Urea 0.043 

Fatty matters 0.014 

Alkaline lactates 0.317 

Alkaline sudorates 1.562 

Inorganic salts 2.491 



1000.000 

Urea is a constant ingredient. 

Carbonic acid is also exhaled from the skin, the amount being about 
^^ of that from the lungs. 

Perspiration regulates the temperature, and removes waste matters from 
the blood ; it is so important, that if elimination be prevented death occurs 
in a short time. 

The Nervous System influences the secretion of watery vapor by causing 
a dilatation of the capillary blood vessels around the tubular coil. It is 
increased by mental emotions; section of the sympathetic fibres in the 
neck is followed by a copious perspiration ; stimulation of the nerves, pro- 
ducing contraction of the vessels, is followed by an arrestation of the 
elimination of the sweat. 



NERVOUS SYSTEM. 
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^^^^H Tbo Nervous System co-ordinates all the various organs and tissues 
^^^■^ of the body, and brings the individual into conscious letalicinsliip wllh 

eitenial nature by means of sensatioii, motioii, language, mental and moral 

maoifestalions. 

Tbe Nervous Tisstte may be divided into two systems, viz : the 

Cerebrospinal 3.aii the Sympathetic. 

(1) The Cerebro-Spinal System occupies the cavities of thr cranium 
and spinal canal, and consists of the brain, (he spinal cord, the cranial and 
spinal nerves. It is the system of animal life, and presides over the func- 
tions of sensation, motion, etc. 

(2) The Sympathetic System, situated along each ^de of the spinal 
column, consists (1) of a double chain of ganglia, united together by nerve 
cords, which extends from the base of the cranium to the eoccyx; (2} of 
various ganglia, situated in the head and face, thorax, abdomen, pelvis, 
etc. All (he ganglia ate united together by numerous communicating 
fibres, many of which anastomose with the fibres of the cerebro-spinal 

L KjSLeTa. Il is the nervous system of organic life, and governs the functions 

K of nutrition, growth, etc. 

P Nervous Tissue is composed of two kinds of matter, the grey and 
white, which differ in their color, structure and physiological endowmenls; 
the former consists of vesichs or cells which receive and generate nerve 
force ; the latter consists a\ fibres which simply conduct it, either from the 
periphery to the centre or the reverse. 

Structure of Grey Matter. The grey matter, found on the suKace of 
the brain in the convolutions, in the interior of the spinal cord, and in the 
various ganglia of the ccrebro-spinnl and sympathetic nervous systems, 
consists of a fine connective tissue stroma, the neuroglia, in the meshes of 
which are embedded the grey celts or vesicles. 

The cells are greyish in color, and consist of a delicate investing cap- 
sule containing a soft, granular, albuminous matter, a Huileus, and some- 
times a nucleolut. Some of the cells are spherical or oval in shape, while 
others have an interTupled uulline, on account of having one, two, or more 
processes issuing from them, constituting the unipolar, bi-folar 
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brain, Ihe lai^est in the anterior horns of grey matter of the spinal cord. 

Some of Ihe cell processes become continuous with Ihe fibres of the white 

while others anastomose with those of adjoining cells and form a 

Structure of the White Matter. The white mailer, found for the 
moat part in the inlerior of Ihe brain, on the surface of Ihe spinal cord, and 
in almost all of the nerves of the cerebro-spinal and spnpathellc systems, 
consists of minute tubules or fibres, the ultimate ntrve filaments, which, in 
the perfectly fresh condition, are apparently structureless and homi^eneous; 
bul when carefully enamined after death are seen to conast of three dis- 
linct portions, (i) a tubular membrane; (a) the while substance of 
Schwann; (3) tfie axis cylinder. 

The Tubular membratte, investing the nerve fllument, is thin, homO' 
geneous, and lined by large, oval nuclei, and presenls, in its course, annular 
constrictions; it serves to keep the internal parts of Ihe fibre in positioo, 
and protects them from injury. 

The Whitt suistance at Schwann, or the mfduUary layer, is situated 
immediately within the tubular membrane, and gives to tlie nerves their 
peculiar while and glistening appearance. It is composed of oleaginous 
matter in a more or less fluid condition ; after death it undei^oes coagula- 
tion, giving to Ihe fibre a knotted or varicose appearance. It serves to 
insulate Ihe axis cylinder, and prevents Ihe dillusion of the nerve force. 

The j4xis cylinder occupies the centre of the medullary substance. In 
Ihe natural condition it is transparent and inviubte, bat when treated with 
proper reagents, it presents itself as a pale, granular, flattened band, 
albuminous in character, more or less solid, and somewhat elastic. It is 
composed of a number of minute fibrilla united together to form a angle 
bundle, (Schuilze.) 

Nerve fibres in which these three structural elements coexist are known 
as^lhe inedullated nerve fibres. In the sympathetic system, and in the 
gray substance of ihe cerebro -spinal system, many nerves are destitute of a 
medullary layer, and are known as the nan-mtdullated nerve fibres. 

Grey or GelatinouB nerve fibres, found principally in the sympathetic 
system, are grey in color, semi-transparent, flattened, with distinct borders, 
finely granular, and present oval nuclei. 

The diameter of Ihe gelatinous iilires is about the j^ of an inch ; of 
the meduilatcd fibres, from ,^( to j-jij, of an inch. 
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of the vertebral coluniii, forming a, connected chain, and in the different 
■riscera They consist of o dense, investing, fibrous membrane, containing 
in its interior ^rty Di vesicular cells, among which a.re found vihite and 
gelalineus nerve fibres. They may be regarded as independent nerve 



Structure of Nerves, Nerves are rounded or flattened cords extend- 
ing from the centres to the periphery ; they are surrounded externally by a 
sheath, the ttturiUmma, composed of tibrons and elastic tissue forming a 
stroma, in wliich blood vessels ramify, from which the nerves derive their 
nourishment. 

A Nerve consiEtsof a greater or less number of H/ZiVnaft nerve filaments, 
separated into bundles by ^brous septa j:;iven oFT from the neurilemma. 
The nerve filaments punue an uninterrupted course, from their origin to 
their termination; branches pass from one nerve trunk into the sbealh of 
another, but there is no anastomoss or coalescence with adjoining nerve 
fibres. 

A Pleius is formed by a number of branches of different nerves inter- 
lacing in every direction, in the most intricate manner, but from which 
fibres are again given off to pursue their independentcoursc.i-i'., brachial, 
cervical, lumbar, sacral, cardiac plexuses, etc. 

SPINAL NERVES. 

Origin. The spinal nerves are thirty.one in number on each tide 
I of the spinal cord, and arise by two roots, an anterior and posterior, 
from the anterior and posterior aspects of the cord respectively ; tlie fos- 
ttrier root! present near their emergence from the cord a small ganglionic 
enlargement ; outside of the spinal canal the two roots unite to form a 
main trunk, which is ultimately distributed to the skin, muscles and viscera. 

The Function of the Anterior Roots is to transmit motor impulses 
from the centres outward to the periphery. Irritation of Ihese roots, from 
whatever cause, excites convulsive movements in the muscles lo which 
Ihey are distributed ; disease ax division of these roots induces a condition 
of paresis or paralysis. 

The Function of the Posterior Roots is to transmit the impressions 
made upon the periphery to the centres in the spinal Cord, where they 
excite motor impulses, or lo the brain, in which they are translated into 
conscious sensations. Irritation of these roots gives tvx to jiain(\l] sensa- 
tions; division of llie roots abolishes all seiisalioa in the parts to wbJch 
I Ihcy ikre distribuieil. 
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The gangHait on the posterior coot influences the nutrition of the se 

if the nerve be separated from the ganglioD. it undergoes 
degeneration in the course of 3. few days, in the direction in which It 
impressions, i. e., from the peripheiy to the centres; if the nerve be 
divided bitaiiin the ganglion and the cord, the central end only undergoes 
degeneration. The nutrition of the anlerior root is governed by nerve cells 
in the grey matter of the card ; for if these celts undergo atrophy, or if 
the nerve be divided, it undergoes dejjeneratlon outward. 

Nerve Terminations, (i) Central. Both motor and sensory nerve 
fibres, as they enter the spinal cord and brain, lose their external invest- 
ments, and retaining only the axis Cylinder, ultimatelj become connected 
ith the processes of the grey cells. 

(z) Peripheral. As the nerves approach the tissues to which they are 

be distributed, they inosculate freely, forming a pitxus from which the 
llimate dbres proceed to individual tissues. 

Motor Nerves. In the voluittary or striped muscles the motor nerves 
'ith the contractile substance by means of the " motorial 
end plates ;" when the nerve enters the muscular libre the tubular mem- 
brane blends with the sarcolemma, the medullary layer disappears, and 
the axis cylinder spreads out info the form of a tittle plate, granulur in 
character, and containing oval nuclei. 

In the uHstiiped or invalutUary muscles, the terminal nerve fibres form 
a plexus on the muscukr fibre cells, and become connected with the 
granular coolents of the nuclei. 

In the ^/uk/j nerve fibres have been traced to the glandular cells, where 
they form a branching plexus from which fibres pass into their interior 
and t>ecome connected with their substance, and thus iniluencc secretion. 

Sensitive Nerves terminate in the akin and mucous membranes, in 
three distinct modes, e, g., as tactile corpuscles. Pacinian corpuscles, and 
as end bulbs. 

The tactile eerpuscles are found in the papillas of the true skin, espe- 
cially on the palmar surface of the hands and fingers, feet and toes ; they 
are oblong bodies, measuriog about ^Jg of an inch in length, consisting of 
3. central bulb of homogeneous connective tissue snrrounded by elastic fibres 
and elongated nuclei. The nerve fibre approaches the base of the cor- 
puscle, makes two or three spiral turns around It, and terminates in loops. 
They are connected with the sense of touch. 

The Paeinian eorpusetes are found chiefly in the subcutaneous cellular 
tissue, on the nerves of the bands and feet, the intercostal nerves, the 



cntaneonE nerves, and in many other situations. Thejr are oval in shape, 
measare about tlie -^ of an inch in length on the average, and consist of 
concentric layers of connective tissue; Ihe nerve fibre penetrates the cor. 
puscle and terminates in a rounded knob in the central bulb. Their 
funclion is unknown. 

The fnd bulbs of ECrause are fonned of a capsule of connective tissue in 
which the nerve fibre terminates in a coiled mass or bulbous extremily ; 
they exist in the conjuoctiva, tongue, glans penis, clitoris, etc. 

Many seMsilive nerves terminate in tlie papillre at the baK of the hair 
follicle; but in the skin, mucous membranes, and oi^ns of special sense 
their mode of termination is not well understood. 

PROPERTIES AND FUNCTIONS OF NERVES. 
' ClaBsificBtion. Nerves may be divided into two groups, viz : — 

(l) Afferent or ceHtrifelal, as when Ihey convey to the nerve centres 
the impressions Which are made upon their peripheral extremities or parts 
of iheir course. They may be jc«iiri»f , when Ihey transmit impressions 
which g;ive rise to sensations; rejiecthie or excitant, when the impression 
carried to the nerve centre is reflected outward by an efferent nerve and 
produces motion or some other effect in the part to which the nerve is dis- 
tributed. 

(3) Efferent or centrifugal, as when the impulses generated in the 
centres are transmitted outward to the muscles and various organs. They 
may be motor, as when they convey impulses ID the voluntary and involun- 
lary muscles ; vaso-molor, when they regulate Ihe calibre of the small blood 
vessels, increa^ng or diminishing the amount of blood to a pari ; secretory, 
when they influence secretion ; trophic, when they influence nutrition ; 
inhiiilory, when they conduct impulses which produce a restraining or 
inhibiting action. 

The Axis Cyliadtr is the essential conducting agent, Ihe while substance 
of Schwann and tubular membrane being probably accessory stnicluies, 
prolecling Ihe axis from injury, and preventing the diiTuaon of nerve force 
to adjoining nerves. 

The properties of seHsa/ian and motioH reade in different nerve fibres. 
Motor nerves can be destroyed or paralyzed by the introduction of wootara 
under the skin, without ajfeeling sensation ; Ihe sensibility of nerves can be 
abolished by the employment of ana^ihetics withoul destroying motion. 

JrrUability. Nerves Conduct peripheral impresBioDS 10 ihe centies, and 
motor impulses to the periphery, in virtue of their possessing on ultimate 
and inherent property, denominated nturilily, nervous irrilatiiity, or 
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nntaJi/i^, which ismanifested as long as the physical and chemical integ- 
rity of the nerve is maintained. 

Nerve degeneration. When nerves are separated from their trophic or 
nutritive centres, they degenerate progresavely in the direction in which 
they conduct impressions. In motor nerves, from the centre to the pe- 
riphery ; in sensory nerves, from the periphery to the centres. 

Nerve forfe is not identical with electricity. Nerves do not possess the 
power of gencralinE force, or of originnling impulses within themselves, 
but propagate only the nervous impulses which are called forth by chemi- 
cal, physical and mechanical stimuli from without, and by volitional acts, 
normal and pathological conditions from within. 

Phenomensi of Muscles and Nerves. The muscles are the motor 
organs of the body and constitute a large per cent, of the body weight. 
Muscles are of two kinds, striated and no»-striated or involuntary. The 
striated muscles consist of bundles of fibres, &t fasciculi, held together 
by connective tissue. Each muscle fibre is about ^ to l^ Inches long, 
and possesses a delicate homogeneous membrane, the sarcolemma, in the 
interior of which is contained the contractile substance, which presents a 
striated appearance. During life this substance is in a fluid condition, but 
aller death undeigoes stiffening. 

The non -striated muscles form membranes which surround cavities, e.g., 
stomach, arteries, bladder, etc. They are composed of elongated cells 
without striations and contain in (heir interior one or more nuclei. 

Muscular tissue is composed of water, an organic contractile substance, 
myosin, non-nitrt^nized substances, such as glycogen, inonte, fat and 
inorganic salts. When at rest the muscle is alkaline in reaction, but 
during and after contraction it becomes acid. 

Muscles possess the properties of (i) Contractility, which is (he Capa- 
bility of shortening themselves in the direction of their long axis, and at 
the same time becoming thicker and more rigid, (i) ExteHsiHHty, by 
means of which they are lengthened in proportion to weights attached. 
(3) Elasticity, in virtue of which they return to their original shape when 
the force applied is removed. 

The contractility of muscles is Called forth mainly by nervous impulses, 
descending motor nerves, which originate in the central nervous system; 
hut it can also be excited by the electric current, the application of strong 
acids, heat, or by mechanical means. 

Phenomena of ■ Muscular Contraction. When a single indue- 
shock is propagated through a nerve, the muscle to which it is dis. 
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tributed undei^es a quick pulsation, and speedily returns ta its former 
conditian. As is shown by the muscle curve, the contraction, nhich is at 
fit^ slow, increases in rapidity to its maximum, gradually relaxes and is 
again at rest, the entire pulsation not occupying more than the ^ of a 

The muscular contraction does not instantly [qIIow the induction shock 
even when the electrodes are placed directly upon the muscular fibres 
Ihemselves; an appreciable period intervenes before the contraction, 
during which certain chemical changes are taking place preparatory to the 
manifestation of force. This is the "latent period," which has an average 
duration of the yj^of a second, but varies with the temperature, the strength 
of the stimulus, the animal, etc. The muscular movements of the body, 
however, arc occasioned by contractions of a much longer duration, 
depending upon the number (the average, Zo) of nervous impulses passing 
to the muscles in a second. 

During the muscular contraction the following phenomena are observed, 
vii : a change in form, a rise in temperature, a consumption of oxygen and 
an evolution of carbonic acid ; the production of a distinct musical sound, 
a change from an alkaline to an acid reaction, from the development of 
sarcolactic acid; a disappearance of the natural muscle currents, which 
undergo a negaiivt variation in the " latent period," just after the nervous 
impulse reaches tlie termination of the nerve, and before the appearance of 

Electrical Properties of Nerves. When a galvanic current is marie 
to flow along a motor nerve from the centre to the periphery, from 
the posidve to the negative pole, it is known as the dirtct, distinding or 
centrifugal cvmtM. When it is made lo flow in the reverse direction it is 
known as the inverse, ascending or centripetal current. 

The passage of a direct current enfeebles the excitability of a nerve; the 
passage of the inverse current increases it. The excitability of a nerve 
may be exhausted by the repeated applications of electricity; when thus 
exhausted it may be restored by repose, or by the passage of the inverse 
current if the nerve has been exhausted by the direct current or vice 

During the actual passage of a feeble constant current in either direction 
neither pain nor muscular contraction is ordinarily manifested ; if the 
cmrent be very intense the nerve may be disorganized and its excitability 
destroyed. 
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Elftimtonus. The passage of a direcl galvanic current through a 
portion of a nerve, excites in the parts beyond (he electrodes a condition 
of electric tension or ttictrotoniis, during which Ihe cxcitabilily of the 
nerve is decnased near the anode or positive pole, and increasid near the 
kathode or negative pole; the increase of excitability in the kalhfltctro- 
tonU area, that nearest the muscle, being manifested by a more marked 
contraction of the muscle than Ihe nonnal, when the nerve is irritated in 
this region. The passage of an inversf galvanic current excites the same 
condition of electrotonus ; and the diminution of excitability near the 
anode, the aneUclrDlsnii area, that now nearest the muscle, being mani- 
fested by a less marked Contraction than the normal when the nerve is 
stimulated in this r^on. Between Ihe electrodes is a neutral point where 
the kathelectrotonlc area emerges into Ihe anelectrotonic area. If the 
current be a strong one Ihe neutral point approaches the kathode ; if weak, 
it approaches the anode. 

When a nervous Impulse passes along a nerve the only appreciable 
eifect is a change in its electrical condition, there being no change in its 
temperature, chemical composition or physical condition. The natural 
nerve currents, which are always present in a living nerve as a resolt 
of its nutritive activity, in great part disappear dnriog the passage of an 
impnlse, underling a negative ■nariation. 

The rapidity with which nervous impulses are propagated along a nerve 
has been estimated at about loo feel in a second for both motor and 
sensory nerves, but varies according lo the temperature, the degree of 
exd^bihly, the strength of Ihe stimulus, etc. 

L^w of Contraction. If a feeble galvanic current be applied to a 
recent and excitable nerve, contraction is produced in Ihe muscles 
only upon the making of the circuit with both the direct and inverse 



If the current be tnodirate in intenlity the contraction is produced in the 
muscle both upon the making and breaking of Ihe circuit, with both the 



produced onlj when (he circuit 
it, and only when it is brokat with the 






CRANIAL NERVES. 

The Cranial Nerves come off from the base of the brain, pass through 
the foramina in the walls of the cranium, and are distributed to the skm. 
jnuscles and organs of sense in the face and head. 



According to the classilicalion of Stsmmering, there are iz pain of 
nerves, enumerating them from before backward, as follows, vU : — 
la Pair, or Olfactory, 7th Pair, or Facial, Porlio dnra- 

3d Pair, or Optic. 8th Pair, or Auditory, Poctio mollis. 

L 3d Pair, or Motor octJi communis. 9th Pair, or GIosso- pharyngeal, 
■ i|th Pair, or Palheticus, Trochlearis. loth Pair, or Pneumogastric. 
P Sth Pair, or Trifacial, Trigeminus, i ith Pair, or Spinal accessory, 
6tii Pair, or Abdocens. 12th Pair, or Hypoglossal, 

The Cranial Nerves may also be classilied physiologically, according 
to their function, into three groups: t. Nerves of special sense. 2. 
Nerves of motion. 3. Nerves of general sensibility. 
I St PoJr. Olfactory. 

Apparent Origin, From the inferior and internal portion of the anterior 
, lobes of the cerebrum by three roots, vi: : an tstcma/ wAitc roo/, vibicii 
passes across the Gssure of Sylvius to the middle lobe of the cerebrum; an 
inltrnal lukUe root, from the most posterior part of the anterior lobe [ a 
grey root, from the grey mailer in the posterior and inner portion of the 
inferior surface of the anterior lobe. 

Deep Origin. Not satisfactorily determined. 

Distribution. The olfactory nerve, formed by the union of the three 
roots, passes forward along the under surface of the anterior lobe to the 
ethmoid bone, where it expands into the olfactory bulb. This bulb con- 
tains gangiiooic cells, is greyish in color and soft in consistence i it gives 
off from its under surface from I j to 20 nerve filaments, tbe irite Bl/acloiy 
ntrvfs, which pass through the cribriform plate of the ethmoid bone, and 
are distributed to the schneidcrian mucous membrane. This memhnne 
extends from the cribriform plate of the ethmoid bone downward, about 
one inch. 

Properties. T^e olfactory nerves give rise to neither motor nor sensory 
phenomena when stimulated. They carry simply tbe special impressions of 
odorous substances. Destraction or injury of the olfactory bulbs is attended 

I by a loss of the sense of smell. 
Function. Governs the sense of smell. Conducts the impressions 
which give rise to odorous sensations, 
ad Pair, Optic. 
Apparent Origin, From (he anlerior portion of the optic commissure. 
De«p Origin. An ex/tmal takite root, from the corpus geniculatum 
externum} an iKlerHal whilt root, from the corpus geniculatuc 
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and the anterior tubcreula quadrigemina ; ^.grey root, from the grey matter 
in the floorof thejd ventricle. Filaments aiao Come from iheopticlhalimi 
and cerebral peduncles. 

Diatribution. The two roots unite to form a jialtened band, the optic 
tract, which winds around the crus cerebri to decussate with the nen'e of 
the opposite side, forming the oplii chiasm. The decussation of fibres is 
not complete ; some of the Bbres of the left optic tract going to the outer 
half of the eye of the same side, and to the inner half of the eye of the 
opposite side; the same holds true for the right optic tract. 

The optic nerves proptr arise from the Commissure, pass forward through 
the optic foramina, and are finally distributed in the retina. 

Properties. They are insensible to ordinary impressions, and convey 
only the spedal impressianj of light. 

Division of one of the nerveB is attended by complete blindness in the 
eye of the corresponding side ; division of the aplic trad produces loss of 
ligkl in the outer hal/aK the eye of the same side, and in the inner ka/f of 
the eye of the opposite side. Lesion of the anterior part of the optic 
chiasm causes blindness in the inner half of the two eyes. 

Functions. Governs the sense of sight. Receives and conveys to the 
brain the luminous impressions which give rise to the sensation of sight. 

The reflex movements of the iris are called foith by the optic nerve. 
When an excess of light falls upon the retina the impression is carried 
back to the tubercula quadrigemina, where it is transformed into a motor 
impulse, which then passes outward through the motor ocull nerve to the 
contractile fibres of the iris and diminishes the size of the pupil. The 
absence of light is followed by a dilatation of the pupil. 
3d Pair. Motor Oculi Comniunis. 



iurface of the crura cerebri. 

the lenticular nucleus, corpora 



K 



Apparent Origin. From the 

Deep Origin. By filaments coming fr 
quadrigemina, optic thalamns ; these fih 
trunk, which winds around the crus cerebri, in front of the pons Varolii. 

DiHtribulion. The nerve then passes forward, and enters the orbit 
through the sphenoidal Assure, wbere it divides into a superior branch, 
distributed to the superior rectus ^aA levator palpebnt muscles; an inferior 
branch sending branches to the ialemal and inferior recti, and the inferior 
oblique muscles; filaments also pass into the ciliary at ephlialmic^asi^iaa; 
from this ganglion the ciliary ntrvis arise which enter the eyeball, and 
distributed to the circular fibres of tkt iris oaAQie ciliary muscle. The 



3d nerve also receives (Uaments From the cavernous plexus of the sjKtipa- 
Ihetic and from the 5th nerve. 

Properties, Irritation of the root of the nerve produces conlraction 
of the pupl, internal strabismus, muscukr movements of eye, but no pain. 
Division at the nerve is followed by ptosis (falling of the u[>peT eyelid), 
txiemal strabismus, due to the unopposed action of the external rectus 
muscle ; dilalotion of the pupil and persistent accommodation of the eye 



for long distances, Irom paratyf 
muscle; and inability to rot, 
vision, the images being on the 

Function. Gaveras 
muscles except the eiternni rec 
the iris, elevates the upper lid, 
for distances. Can be called ii 
rcHex action through 



lar fibres of the iris and ciliary 
(he eye, s/^At frofrusinn and douS/e 
ne plane, 
of the eyeball by animnting all the 
s !uid superior oblique, the movements a( 
ifluences the accommodation of the eye 
into action by (i) voluntary stimuli, (a) by 
jition of the optic nerve. 
4th Pair. Pathelicus, 



Apparent Origin. From the 
Deep Origin. By fibres ten 

lenticular nucleus, valve of Vieus! 

peduncles; some filaments pass 1 

iibres of the oppo^te side. 
Diatribution. The nerve ent 

noidal fissure, and 



uperior peduncles of the cerebelJum. 
inating in the corpora quadrigemina, 
:n5, and inthe substance of the cerebellar 
ver the median line and decussate with 



ers the orbital cavity throogh the sphe- 
to the Slipcriiir oliHque muscle; in its 
filaments from the ophthalmic branch of the 5th pair and 
the sympathetic. 

Properties. When the nerve is irnVa/«/mn»cnlar movements are pro- 
duced in the superior oblique muscle, and the pupil of the eye is turned 
deaottvjard and outward. DivisioH or paralysis of the nerve renders the 
eyeball immovable as far as rotation is concerned, and produces double 



s of the eyeball produced by the 



I Function. Ijoverns the n 
Mtion of the superior oblique muscles. 
6th Pair.* Abducena. Motor Oculi Extemus. 
Apparent Origin. From the groove between the anterior pyramidal 
body and the pons Varolii, where it arises by two roots. 
Deep Origin. From the grey matter of the medulla oblongata. 
• The 6lh nerve n camiiltrcd in connection with (he 3A und tlh nerves, lince Uiey 
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DIalrlbution. The nerve then passes into the ocbit Ibrough the sphe- 
noidal fissure, and is distributed to the txtemal reclus muscle. Receives 
filaments from the cervical portion of the sympathetic, through the carotid 
plexus and spheno-pnlatine ganglion. 

Properties. When irrilat/d, the eitfrnal rfctm muscle is thrown into 
convulsive movements, an<l the eyeball is turned outward. When dividfd 
I as paralyzed, this muscle is paralyzed, and interna! strabismus is produced. 
■" FimctioD. To turn the eyeball outward. 
I 5th Pair. Trifacial. Trigeminal. 

Apparent Ori^n. By two roots from the side of the pons Varolii. 

Deep Origin. The deep origin of the two roots is the upper part of 
the floor and anterior wall of the 4th ventricle, by three bundles of fila- 
ments, one of which anastomoses with the auditory nerve; another passes 
to the lateral tract of the medulla \ while a third, greyish in color, goes to 
the restifonn bodies, and may be traced to the point of the calamus 
scriptorins. 

Filaments of origin have been traced to the " trigeminal sensory nucleus," 
located on a level with the point of exit of the nerve, and to the posterior 
grey horns of the cord, as low down as the middle of the neck. 

Distribution. The /or^f mot of the nerve passes obliquely upward 
and forward to the ganglion of Gasser, which receives filaments of com- 
munication from the carotid plexus of the sympathetic. It then divides 
into three branches, 

I. OphlhalmU branch, which receives eommanicaling filaments from 
the sympathetic, and sends sensitive fibres to al! the motor nerves of the 
eyeball. It is distributed \xt the ciliary ganglion, lachrymal gland, sac and 
caruncle, conjunctiva, integament of the upper eyelid, forehead, side of 
head and nose, anterior portion of the scalp, ciliary muscle and iris. 

1. Superior maxillary branch, sends branches to the sphe no -palatine 
ganglion, int^ument of the temple and lower eyelid, side of forehead, 
nose, cheek and upper iip, teeth of Ihe upper jaw, and alveolar processes. 

3, Inferior maxillary branch, which, after receiving in its course fila- 
ments from the small root and from the facial, is distributed to Ihe sub- 
maxillary ganglion, the parotid and sub-lingual glands, external auditory 
meatus, mucous membrane of the mouth, anterior two-thirds of the tongue 
{lingual branch), gums, arches of the palate, teeth of Ihe lower jaw, and 
integument of Ihe lower part of the face, and Ic Ihe muscles of mastication. 

The small root passes forward beneath the ganglion of Gasser, through 
the foramen ovale, and joins the inferior maxitiary division of the large 



ita an anterior and posterior blanch, the fonner 

J the mnsclea of mastication, viz : temporal, 

Ttial pterygoid muscles. 

mo&C acutely aetisitive nerve in Ihe body, and 
is distributed with general sensibility. 
oi any of its branches, will give rise to 
inous fotms of neuralgia of the head and 
JO, disease, or exposnre of some of its 



root, which then divides ii 
of whidi is distributed t 
masseter, infernal and exit 

Properties, It is the most 
endows all the parts to which it 

Irrilation of the large raaf, o 
marked evidence of pain; the vai 
face being occasioned by comprei 
teimina.1 bmnches. 

DivisieH of the lar^e root within the cranium is followed at once by a 
con:ip1ete abolition of all sensibility in the head and face, but is not atteoded 
by any loss of motion. The integument, mucous membranes and the eye, 
may be lacerated, cut or bruised, without the animal exhibiting any 
evidence of pain. At the same time the lachrymal secretion is diminished, 
the pupil becomes contracted, [he eyeball is protruded, and the sensibility 
I of the tongue is abolished. 

The refles movements of deglutition are also somewhat impaired ; the 
impression of the food being unable to reach and eKcite the nerve centre 
in the medulla oblongata. 

Gaitianica/ion of the ima/l root produces movements of the muscles of 
roostiCBtion ; jiKfion of the root causes paralysis of these muscles, and the 
jaw is drawn to the opposite ^de, by the action of the oppoang muscles. 

Influence upon the Special Senses. After division of tlie large 
root within the cranium, a disturbance in the nutrition of the special senses 
sooner or later manifests itself. 

Sighl. In the course of 14 hours the tye becomes very vascular and 
inflamed, the cornea becomes opaque and ulcerates, the humors are dis- 
charged, and the eye is totally destroyed. 

Smfll. The nasal mucous membrane swells up, becomes fungous, and 
. U liable to bleed on the slightest irritation. The mucus is increased in 
so as to obstruct the nasal poss^es ; the sense of smell is finally 
Abolished. 

Hiaring. At lime* the hearing is impaired, from disorders of nutrition 
in the middle ear and external auditory meatus. 

Alteration in Ihe nutrition of the special senses is not marked if the sec- 
tion is made posterior to the ganglion of Gasser, and (o the nnaslomosing 
filaments of the •ympalhetic which join the nerve at this point ; but if the 
'-r. divided, these effects are very noticeable, due to the section 
Ihctic fUamenti. 




K 



Fmiction. Gives sensibility to all parts of the liead and fice to which 
it is distributed ; through the small root endows the masticatory muscles 
with motion; through fibres from the aympathetie governs the nutrition of 
the special senses. 

7th Pair. Portio Dura. Facial Nerve, 

Apparent Origin. From the groove between the olivary nniJ restiform 
bodies at the laterd portion of the medulla oblongata, and below the 
margin of the pons Varolii. 

Deep Origin. From a nucleus of large cells in the floor of the 4th 
Tentricle, below the nucleus of origin of the 6lh pair, with which it is 
connected. Some filaments are traceable to the lenticular nucleus of the 
opposite ^de. Some of the fibres cross the median line and decussate. It 
is intimately associated with the nerve of Wrisberg at its origin. 

DistribuKon. From its origin the facial nerve passes into the internal 
auditory meatus, and then, in company with the nerve of Wrisberg, enters 
the aqueduct of Fallopius. The filameuls of the nerve of Wrisberg ate 
supplied with B ganglion, of a reddish color, having nerve cells. These 
filaments unite with those of the root of the facial, to form a Common 
trunk, which emei^es at the stylo -ma;ito id foramen. 

In the aqueduct the facial gives off the following branches, I'm — 

I. Large petrosal nerve, which passes forward to the spheno.patatine, or 
Meckel's ganglion, and through this to the levator palati and ai^os uvutx 
muscles, which receive motor influence from this source. 

3. Small petnaal Htroe, passing to the oiU ganglion and thence to the 
tenser-tympani muscle, endowing it with motion. 

3. Tympanic branch, giving motion to the stapedius muscle. 

4. Chorda tympani nerve, which afler entering the posterior part of the 
tympanic cavity, passes forward between (he malleus and incus bones, 
through the Glasserian fissure, and joins the lingual branch of the 5th 
nerve. It is then distributed to the mucous membrane of the anterior 
two-thiriis of the tongue and the sub-maxillary glands. 

After emerging from the stylomastoid foramen, the bcial nerve sends 
branches to the muscles of the ear, the occipito-frontalis, the digastric, the 
palato-glossi, and palato-pharyi^ei ; after which it passes through the 
parotid gland and divides into the Itmpore-facial and cervico-facial 
branches, which are distributed to the superficial muscles of the face, viz; 
occipito-frontalis, cormgator supercilii, orbicnlaris palpebrarum, levator 
Iqjiii superiotia et ahsque nasi, buccinator, levator anguli oris, orbicularis 



zygomatic!, depressor anguli oris, plxtysma myoides, d 



HUMAN 

Properties. Undoubtedly a motor nerve at its origin, but in its course 
sensitive filaments from the 5th pair and the pneumogasttic. 

Irritation of the nerve, after its emergence from the stylo- mastoid fora- 
men, produces convulsive movements !□ all the superficial ma»clc!< of the 
face. Division of the nerve at this point causes paralysis of these muscles 
on the side of the section, tar&\ixas\a% facial paralyHs ; the phenomena of 
which are. a relaxed and immobile condition of (he same side of the face ; 
the eyelids remain open, from paralysis of the orbicularis palpebrarum ; 
the act of winking Is abolished ; the angle of the mouth droops, and saliva 
constantly drains away ; the face is drawn over to the sound side ; the face 
becomes distorted upon talking or laughing ; mastication is interfered with, 
the food accumulating between the gums and cheek, from paralysis of Ihe 
buccinator muscle ; fluids escape from the mouth in drinking ; articulation 
is impaired, the labial sounds being imperfectly pronounced. 

Properties of the branches given off in Ihe aqueduct of Fallopius. The 
Large petrosal, when irritated, throws the levator palati and azygos Dvulx 
muscles into contraction. T'om^ju-of this nerve, from deep-seated lesions, 
produces a deuiation of the uvula to the sound side, a drooping o( the 
palate, and an inability to elevate it. 

The Small petrosal influences hearing by animating the tensor lympani 
muscle; when paralyzed, there occurs partial deafness and an increased 
Knsibility to sonorous impres^ons. 

The Tympanic Branch animates the stapedius muscle, and influences 
audition. 

The Chorda tympani influences the circulation and the secretion of 
saliva, in the sub-maxillary glands, and governs the sense of taste in the 
anterior two-thirds of the tongue. Galvanisation of the chorda lympani 
dilates the blood vessels, increases the quantity and rapidity of the stream 
of blood, and increases the secretion of saliva. Division of the nerve is 
followed by contraction of the vessels, an arrestation of the secretion, and 
a diminution of Ihe sense of taste, on the same side. 

Function. The facial is the nerve of expression, and co-ordinates the 
muscles employed to delineate the various emotions, influences the sense 
of taste, deglutition, movements of the uvula and soft palate, (he tension of 
Ihe membrana tympani, and ihe secrelionsof the sub-maiillary and parotid 
glands. Indirectly influences smell, hearing and vision. 

8th Pair, Portio Mollis, Auditory Nerve. 

Apparent Origin. From the upper and lateral portion of the medulla 
oblongata, just below the margin of the pons Varolii. 
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Deep Origin. By two roots from the flooc of the 4tli ventricle, each 
root consisting of 3 aumber of grey filameiitii, Eome of which decussate in 
the median line; tlie eilemal root has a gangliform enlajgement contain- 
ing fusifonn nerve cells. 

Distribution. Tlie two roots wind around the restifann bodies and 
enter the inleroal auditory meatus, and divide into an anterior branch 
diHributed to the cochlea, and a posterior branch distributed to the vesti- 
bule and aemidrcular canals. 

Properties. They are soft in consistence, greyish in color, consistiiig 
of axis cylinders with a medullary shenth only; they are not sensible to 
ordinary impressions, bat convey the impression of sound. 

Function. Governs the sense of hearing. Receives and conducts to 
the briin the impressions of sound, which give rise to the sensations of 
hearing. 

gth Pair. GloBso-pbaiyngEal. 

Apparent Origin. Partly from the medulla oblongata and the inferior 
peduncles of the cerebellum. 

Deep Origin. From the lower portion of the grey substance in the 
floor of the 4th venbicle. 

This nerve has two ganglia; the jugular ganglisn includes only a por- 
tion of the root filaments ; the ganglion of Aniiersch includes all the fibres 
of the trunk. 

Distribution. The trunk of the nerve pn^es downward and forward, 
receiving near the ganglion of Andcrsch libres from the facial and pneumo- 
gastric nerves. It divides into two large branches, one of which is 
distributed to the base of the tongue, the oilier to the pharyni. In its 
course it sends filaments to the otic ganglion ; a tympanic branch which 
gives sen^bility to the mucous membrane of the fenestra rotunda, fenestra 
ovalis, and Eustachian tube; Ungual branches to the base of the tongue; 
palatal branches to the solt palate, uvula and tonsils; pharyngeal branches 
to the mucous membrane of the pharynx. 

Propeitias. Irrilatien of the roots at their origin calls forth evidences 
of pain ; it is, therefore, a sensory nerve, but its sensibility is not so acute 
as that of the tri-facial. IrrilaSion of the trunk after its exit from the 
cranium produces contraction of the muscles of the palate and pharynx, 
due to the presence of anastomoslog motor fibres. 

Z>i!^ji0n of the nerve aboHshes sensibility in the structures to which it 
is distributed, and impairs the sense of taste in the posterior third of the 
tongue (see Sense of Taste). 






: 



Function. Governs sensibility of phnTyni, presides partly o 

of taste, and controls reflei movements of deglutition and vomiting. 
loth Pair. Pneumogastric. Par Vaguni. 

Apparent Origin. From the lateral side of the medulla oblongata, just 
behind the olivary body. 

Deep Otigin. In the grey nuclei in Che lower half of the floor of the 
4lh ventricle, and in the subaarce of the restiform body. Some filamentB 
are traced along tlie [estiform Iracl, toward the cerebellum, and others to 
the median line of the 6oor of the 4lh ventricle, where many of them 
decussate. 

This nerve has two ganglia; one in the jugular foramen, called thegan- 
glion of the root, and another outside of the cranial cavity on the trunk, 
Ihe ganglion of the trunk. 

Dislribution. The iilaments from the root uoile to form a single trunk, 
which leaves the cavity of the cranium, through the jugiUar foramen, in 
company with the spinal accessory and glosso-pharyngeal. It soon receives 
an anastomotic brancA from the spinal aicissory, and afterward branches 
from the facial, the hypoglossal and the anterior branches of the two upper 
cervical nerves. 

As the nerve passes down the neck it sends oiT the following main 
branches ; — 

1. Pharyngial ntrvis,v\C\^ assist in forming the pharyngeal plexus, 
iriiich is distributed to the mucous membrane and muscles of the pharynx. 

2. Suftrior laryngeal nerve, which enters the larynx through the thyro- 
hyoid membrane, and is distributed to the mucous membrane lining Ihe 
interior of the larynx, and to the crico thyroid muscle and the inferior 
constrictor of the pharyni. The " depresjor nerve" found in the rabbit, 
is formed by the union of two branches, one from the superior laryngeal, 
Ihe other from the main trunk ; it passes downward to be distributed to 
the heart. 

3. Inferior laryngeal, which sends it« ultimate branches to all the in- 
trinsic muscles of the larynx except the ciico-thyroid, and to Ihe inferior 
constrictor of the pharynx. 

4. Cardiac branches, given off from the nerve throughout its course, 
wliich unite with the sympathetic fibres to form the cardiac plexus, to be 
distributed to the heart. 

5. Pulmonary braachis, which form a plexus of nerves and are dis- 
tributed to the bronchi and their ulliroale terminations, the lobules and air 
Mils. 
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fVom Ihe righl: pneiunagBStiic Dene branches are distributed to the 
nembratie and musculai coats of the stomach and inti 
the liver, spleen, kidneys, onii supra-renal capsules. 

Propetties. At ils origin the pneumogastric nerve is sensory, as 
by direct irritation or galvanization, though lis sensibility is no 
marked In its course exhibits motor propeities, from anastomosi 

The y^4ar)-n^«/i?'on[feiasMstin giving sensibility to the mucous 
brane of the pharynx, and inSuence reflex phenomena of degli 
through motor (ibies which they contain, derived from the spinal accessory. 

Tlie Superior laryngeal nerve endows the upper portion of the larynx 
with senaihility; protects it from the entrance of foreign bodies ; by 
ducting impressions to the medulla, excites the reflex movements of deglu 
lition and respiration; through the motor lilaments it contains produces 
contraction of the cricothyroid muscle. 

Divisien of i!ae " Depressor nerve," and galiianizaliitn of the central 
end, retards and even arrests the pulsations of the heart, and by depressing 
the vaso-motor centre diminishes the pressnre of blood in the large vessels, 
by causing dilatation of the intestioal vessels through the splanchnic 

The Inferior laryngeal contains, for (he most part, motor fibres from 
the spinal accessory. When irritated, produces movement in the laryn- 
geal muscles. When divided, is followed by para1y»s of Ibese muscles, 
except the cricothyroid, impairment of phonation, and an embarrassmeat 
of the respiratory movements of the larynx, and finally death, Irom suffoca- 



The Cardiac tranches, through filaments derived from the spinal i 
sory, exert a direct inhibitory action upon the heart. Division of the 
pneumogastrics in the neck increases the frequency of the heart's a 
Cofvaniialion of the peripheral ends diminishes the heart's pulsation 
if sufficiently powerful, paralyzes it in disastole. 

The Pulmanary branches give sensibility to the bronchial mucous 
brane, and E'"'erQ the movements of respiration. Division of tioth 
pneumc^astrics in the neck diminishes the frequency of the respiratory 
movements, falling as low as 4 to S per minute ; death usually occurs in 
from 5 to 8 days. Feeble gabianitalion of the central ends of the divided 
nerves accelerates respiration ; powerful gahianiiatian retards, and may 
even arrest, the respiratory movements. 

The Gastric branches give sensibility to the mucous coat, and through 
iympathclic Riaments, which join the pneumogastrics high up in the neck. 




the muscular eoi 
of gastric juice, aid the ; 



of the stoniacli. They influence the 
-oces5 of digestion and absorption from 



The Hfpaik branchis, probably throufih anaSomosing sympathetic fila- 

induence the secretion of bile, and the glycogenic function of the 

ifer; divisioH of the pneumogasttics in the neck produces congestioii of 

liver, diminishes the density of the bile, and arrests the glycogenic 

function ; gahiattixation o[ the central ends Exaggerates the glycogenic 

fimctian, and makes the animal diabetic. 



The IntuHnal branchts give sensibility and molit 
s, and when divided, pm^atives generally fail ti 






Function. A great s 



the circulatory ai 



1 to the small 
produce pui^- 



ffla- 



ensitive nerve which, through a 
aurces, inHuences deglutition, Ihe action of the heart, 
espiratory systems, voice, the secretions of the stomach, 
IS glandular organs. 
Iith Pair. Spinal Accessory. 
Apparent Origin. Uy two sets of lilaments : — 

t. A bulbar or medullary set, four or five in nmnbei, from the lateral or 
motor tract of the lower half of the medulla oblongata, below the origin of 
the pneumogastric. 

3. A spinal set, from 6 to 8 in number, from the lateral portion of the 
spinal cord, between the anterior and posterior roots of the upper four or 

Deep Origin. The medullary forliuH arises in a nucleus in the lower 
half of the floor of the 4lh ventricle, common to Ihe pneumogastric and 
glosso- pharyngeal nerves. The spinal portion has its origin in an elon- 
gated nucleus lying along the external surface of the anterior coraua of 
Ihe spinal curd, extending down to the Jth cervical vertebra. 

Distribution. From this origin the fibres unite to form a main trunk, 
which enters the cranial cavity through the foramen magnuln, where it is 
at times joined by fibres from the posterior roots of the two upper cervical 
nerves, and sends filaments to the ganglion of the root of the pneumo- 
gastric. After emerging from the cranial Cavity through the jugular fora- 
men, it sends a branch to Ihe pneumogastric, and receives others in return, 
and also from the 2d, 3d and 4th cervical nerves. It divide! into two 
branches: (1) An internal or annslomotic branch, made up of filamenK 
coming principally from ihe medulla oblongata, and is distributed lo the 
muides of the pharynx through the pharyngeal nerves coming from the 




pnentnogaaric : to oil the muscles of Ihe larynx, eneept the crico-ihyroid, 
through the inferior laryngtal nerve ; to the heart, hy filaments which 
reach it through the pneumogastric nerve. (2) An ixltrual branch, which 
is distributed lo the stemo-cleido -mastoid and trapezius mUfvcles; these 
muscles also receiving filaments from the cervical nerves. 

Properties. At ils origin it is a purely molBT nerve, but in its course 
exhibits some sensibilily from ansstomo^ng fibres. 

Dtstmitimt of the medullary root, by tearing it from its attachment hy 
means ai forceps, imp^rs the action of the muscles of deglutition, and 
destroys the power of producing vocal sounds by paralysis of the laryngeal 
muscles, without, however, interfering with the respiratory movements of 
the larynx ; these being controlled by other motor nerves. The normal 
rale of movement of the heart is also impaired by destruction of the medul- 
lary root. 

Irritation of the exlemal branch throws the trapezius and stemo-mastoid 
muscles inio convulsive movements, though secliott of the nerve does not 
produce complete paralysis, as they are also supplied with motor influence 
from the cervical nerves. The stemo-mastoid and trapezius muscles per. 
form movements antagonistic lo those of respiration, fixing the head, neck 
and upper part of the thorax, and delaying the expiratory movement 
during the acts of pushing, pulling, straining, etc., and in the production 
of a prolonged vocal sound, as in singing. When the ixltrnal branch 
alone is divided, in animals, Ihcy experience shortness of breath during 
exercise, from a want of coordination of the muscles of the limbs and res- 
piration ; and while they can make a vocal sound, it cannot he prolonged. 

Function. Governs phonation by its influence upon the vocal move- 
ments of the glottis \ influences the movements of deglutition, inhibits the 
action of the heart and controls certain respiratory movements associated 
wilh sustained or prolonged muscular efforts and phonation, 
nth Pair. Hypoglossal or Sublingual. 

Apparent Origio. By two groups of filaments from the medulla ol>- 
longata, in the grooves between the olivary body and the anterior pyramid. 

Deep Origin. From thehypoglossal nucleus situated deeply in the sub- 
slance of the medulla, on a level wilh the lowest portion of the floor of the 
4th ventricle; some decussating filaments have been traced to a higher 

Distribution. The trunk formed by the union of Ihe root filamenl? 
passes out of the cniniol cavity through the anterior condyloid foramen, 
occasionally receiving a filament from Ibe lateral and posterior portion of 
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the meduUn oblongata. After emerging from the cranium, it sends fila- 
ments to the sympathetic and pneumogaslric ; it anaatomoses with the 
lingual branch nf the jib pair, and receives and sends filaments to the 
upper cervical nerves. The nerve is finally distributed to the slerno-hyoii 
slemo- thyroid, omohyoid, thyrohyoid, stylo-glossi, hyo-glossi, genio- 
hyoid, genio-hyo-glossi, and the intrinsic muscles of the tongue. 

Properties. A purely mofor nerve at its origin, but derives sensibility 
out^de of the cranial Cavity, from anastomosis with the cervical, pneumo- 
gastric and 5th nerves. 

/rHiafion of the nerve gives rise to convulsive movements of the tongue 
and slight evidences of sensibility. 

DiTiisien of the nerve abolishes all movements of the tongue, and inti 
feres considerably with the act of deglutition. 

When the hypoglossal nerve is involved in hemiplegia, the tip of the 
tongue is directed lo the paralyzed side when the longoe is protruded ; due 
to the unopposed action of the genio-hyo-glossus on the sound side. 

Arliculalion is considerably impaired in paralysis of this nerve ; great 
difliculty being experienced in the pronunciation of the consonantal sc 

Mailitatiim ia pirformed ivith difficulty, from inability to retain the food 
between the teeth until it is completely triturated. 

Function, Governs all the movements of the tongue and influences 
the functions of mastication, deglutition and articulate language. 



CEREBRO'SPINAL AXIS. 

The Cerebro- Spinal Axis consists of the spinal cord, medulla oblon- 
gata, pons Varolii, cerebellum and Cerebrum, exclusive of the spinal and 
cranial nerves. It is contained within the cavities of the craniu 
spinal column, and surrounded by three membranes, Ihe dura 
arachnoid and pla mater, which protect it from Injury and supply it with 
blood vessels. 

The Brain and Spinal Cord are composed of both white fibres and 
collections of grey cells, and are therefore to be regarded as conductors of 
impressions and motor impulses, as well as generators of nerve force. 

MEMBRANES. 

The Dura Uater, the mn&t external of the three, is a tough membrane, 

composed of white fibrous tissue, arranged in bundles, which interlace ii 

every direction. In (he cranial cavity it lines the inner surface of the.J 
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bones, and is attached to the edge of the foramen m^num^ sends 
processes inward, fonnitig the falx ceiebri, falx cerebelli, and tentorium 
cerebelii, supporting and proleeiinE parts of the brain. In ihe spinal cnnal 
it loosely invests the cord, and is separated from the walla of the canal by 
areolar ti!>sue. 

The Arachnoid, the middle membrane, is a delicate serous structure 
which envelopes the brain and cord, forming the visceral layer, and is 
then reflected lo the inner surface of the dura mater, forming the fatietol 
layer. Between the two layers there is a small quantity of fluid which 
prevents friction by lubricating the two surfaces. 

The Pia Mater, the most interna.! of the three, composed of areolar 
tissue and blood vessels, covers Ihe entire surface of the brain and cord, to 
which it is closely adherent, dipping down between the convolutions and 
fissures. It is exceedingly vascular, sending small blood vessels some 
distance into the brain and cord. 

The Ccrebro- Spinal Fluid occupies Ihe sub-arachnoid space, and the 
general ventricular cavity of the brain, which communicate by an opening, 
the foramen of Magendie, in the pia mater, at Ihe lower portion oF the 4tb 
ventricle. This fluid is clear, transparent, alkaline, possesses a salt taste 
and a low specific gravity; it is composed largely of water, traces of 
albumen, glucose and mineral salts. It is secreted by the pia mater ; the 
quantity is estimated from z to 4 fluid oz. 

The ywncft'Drf of Ihe cerebro- spinal Huid is lo protect Ihe brain and cord, 
by preventing concussion from without; by being easily displaced into the 
spinal canal, prevents undue pressure and insufficiency of blood to the 

SPINAL CORD. 

The Spinal Cord varies from 16 to iS inches in length 1 is half an inch 
in thickness, weighs i^ oz., and extends from Ihe alias to the zd lumbar 
vertebra, terminating in the Jilum terminals. It is cylindrical in shape, 
and presents an enlargement in the lower cervical and lower dorsal 
regions, corresponding to the origin of the nerves which are distributed to 
the upper and lower extremities. The cord is divided into two lateral 
halves by the anterior and posterior Gssures. It is composed of both lahUe 
or Jtbraus and grey or vesicular matter, the former occupying the eilerior 
of the curd, the latter the interior, where il is arranged in the form of two 
crescents, one in each lateral half, united together by the central mass, the 
grey coniBiissMre ; the white matter being united in front by the leAite 



structure of the White Matter. 
lateral half of ihe cord is made u| 
continuations of the nerves which en 
from different sources. It is subdiv 



The white matter surrounding each 
jf nerve fibres, some of which B 
■ the cord, while others are derived 
;d into; (I) An A n/triar colnma. 



I comprising that portion between the anterior roots and Ihe anterior fissure, 
1 which is again subdivided into two pans : (a) an iitnfr portion, bordering 
I the anterior median fissure, the dirtct pyramidal Iratt, or colamn of 
I Til rck, containing motor fibres which do not decussate, and which extendi 
[ fts far down as the middle of the dorsal region ; {b) an Buier portion, sur- 
' rounding Ihe anterior cornua, known as the anterior roet tone, composed 
of short loogitudinal Rbtes which serve to connect together difTerenl seg- 
ments of the spinnl cord, (z) A Latiral column, the portion between the 
anterior and posterior roots, which is divisible into (a) Ihe crossed pyra- 
■midal tract, occupying the posterior portion of tlie lateral column, and 
containing all those fibres of the motor tract which have decussated at the 
medulla oblongata; it is composed of longitudinally running fints which 
are connected wilh the multipolar nerve cells of the anterior cornua ; (i) the 
dinci cerebellar trad, silusled upon the surface of the lateral column, 
consisting of longitudinal fibres which terminate in Ihe cerebellum ; it first 
appears in the lumbar region, and increases as it passes upward^ (c) the 
anterior tract, lying just posterior to the anterior cornua. (3] A Pas- 
firior column, the portion included between the posterior roots and the 
posterior fissure, also divisible into two portions, (a) an inner portion, the 
foslero-inleraal eeluinn, or the column of GoU, bordering Ihe pioslerior 
median fissure, and (6) an external portion, the poslero-txtemal column, 
the column of Burdach, lying just behind the posterior roots. They are 
composed of long and short commissural fibres which connect together 
different segments of Ihe spinal cord. 

Structure of the Oiey Matter. The grey matter, arranged in the 
form of two crescents, presents an anterior sxiA pesleriar horn. It is made 
up of a delicate network of fine nerve fibres (axis cylinders), supported by 
a connective tissue framework of nucleated nerve cells, which in the ante- 
rior horns are large and multipolar, and connected with the anterior roots 
of spinal nerves ; in the posterior horns the nerve cclln are smaller, and 
situated along the inner margin, and in the caput comu. Small cells are 
also found In the pi/ilerior vesicular columns, and in the intennediary 
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COURSE OF THE ANTERIOR AND POSTERIOR ROOTS. 

The Anterior Roots pass through Ihe anlcrinr columns, horizDntallj, 
ia straight and distinct bundles, and enter the anterior cornu^, where they 
diverge in four directions. (l) Many become connected wilh the pro- 
longations of the maltipolai ncrfe cells. {2) Others leave the gre; 
matter, pass through the aniettor while commissure, and enter the anterior 
columns of the opposite side, (jj A considerable number enter the lateral 
columns of the same side, through which they pass to the medulla oblon- 
gata., where they decussate and finally terminate iu the corpus striatum of 
the opposite stite, (4) Others traverse the grey matter hoiizontally, and 
come into relation with the posterior roots. 

The Posterior Roots enter the posterior horns of the grey mailer (i) 
through the substantia gelatinosa, (j) to the inner side ; of the /ermer. 
some bend upward and downward, and become connected wilh the ante- 
rior coruua;; others pass through Ihe posterior commissure to the opposite 
side ; of the latter, Rhres pass into the grey matter, to Ihe posterior vesicu- 
lar columns, passing obliquely through Ihe posterior white columns upward 
and downward fcr some distance, and enter the grey matter at different 
heights. 

Decussation of Motor and Sensory Fibres. The Motor libres, 

cornim, arise in the motor centres of the cerebrum ; they then pass down- 
ward through the corona radiala, the internal capsule, the inferior portions 
of Ihe crura cerebri, the p6n3 Varolii, to the medalla oblongata, where the 
motor tract of each side divides into two portions, viz: i, The larger, 
containing 91 to 97 per cent, of the libres, which decussates at the lower 
border of the medulla and passes down in the lateral column ol the opposite 
side, and constitutes the crossed pyramidal trait. 2. The smaller, con- 
taining J to 9 per cent, of the tibrcs, does not decussate, but passes down 
the anterior column of the same side, and constitutes the direct pyramidal 
tract, or the column of TUrck. Some of the motor fibres of these two 
tracts, after entering the anterior coniuLE of the grey matter, become con- 
nected with the large multipolar nerve cells, while others pass directly into 
the anterior roots. Through this decussation each half of Ihe brain governs 
the muscular movements of Ihe opposite side of the body. 

The Seiuory fibres, which convey the impressions made upon the peri- 
phery to the conl and brain, pass into the cord through the posterior roots 
if spinal nerves; they then diverge and enter the grey maltcr at different 
levels, and at once decussate, passing to Ibe opposite side of Ihe grey 



The sensory Inul passes upward, through the cord, the medulla, 
pons Varolii, the superior portion of the crura cerebri, the posterior third 
of the interna.1 capsule, to the sensory perceptive centre, located in the 
hippocampus msjor and unciate convolution (Fenier). Through this 
decuEsalion each half of the brain governs the sensibility of the opposite 
half of the body. 

Properties of the Spinal Cord. Irritation applied directly to the 
nHitro-lateral white columns produces muscular movements but no pain ; 
they ate, therefore, excitable but insensible. 

The surface of the /oiCmor columns is very Sensitive to direct irritation, 
especially near the origin of the posterior roots; less so toward the pos- 
terior median fissure. The sensibility is due, however, »al to its own 
proper fibres, but to the fibres of the posterior roots which traverse it. 

Division of the anlero-lateral Columns abolishes all power of volantary 
movement in the lower extremities. 

Division of the posterior columns impairs the power of muscular co- 
ordination, SQCh as is witnessed In locomotor ataxia. 

The grey matter is probably both insensible and inexcitaUe under the 
influence of direct stimulation. , 

A transverse section of one lateral half of the cord produces : — ' 

(1) On the same side, paralysis of voluntary raolion and a relative or 
[ absolute elevation of temperature and an increased How of blood In the 
I paralyzed parts; hyperesthesia for the seosc of contact, tickling, pain and 

(2) On the opposite ade, complete auEcSthesia as regards contact, pain, 
I tickling and temperature, in the parts corresponding to those which are 
1 paralyzed in the opposite ade. Complete preservation of voluntary power 
' and of the muscular sense. 

' section through the middle of the grey matter results in the 
a both sides of the body below the section, but no loss 
of voluntary power. 

FUNCTIONS OF THE SPINAL CORD. 

1. As a Conductor. The Lateral columns, particularly the posterior 

portions, the " pyramidal tracts," and the columns of TUrck, are ihe 

I channels through which pass the voluntary motor impulses from the Iirain 

: Ini^ multi|Kilar nerve cells in the anterior comum: of grey matter, 

I and through them become connected with Ihe anterior roots which transmit 

L the motor ttimuli to the muscles, 
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The Anterior coIuhihs, especially the poition surrounding the anterior 
corauiF.the " anterior radicular zones," a.re composed of short longitudinal 
commissural fibres, which serve to connect together different segments of 
the spinal cord, a condition required for [he coordination of muscular 

The Paterior columns are composed of short and long commissural 
fibres which connect together different segments of the cord. They are 
insensible to direct irritation, but aid in the coardi nation of muscular move- 
ments in walking, standing, running, etc. Degeneration of the posterior 
ixilumnE gives rise to the lack of muscular coordination observed !□ loco- 

The Grey mitttir, and especially that portion immediately surrounding 
the centra! canal, transmits (he sensory nerve fibres from the posterior roots 
up to the brain. Decus5adDn of the sensory fibres takes place throughout 
the whole length of the grey matter. 

The MuUipolar lells of (he aMerior eomua are connected with the gen- 
eration and transmission of mo(or impulses outward ; are centres for reflex 
movements ; are the trophic Centres for the motor nerves aod muscular 
fibres to which they are distributed. The anterior roots give passage to 

ibre of the blood vessels. Complrlt litstrHitien of the anterior 
Soms is followed by a paralysis of motion, degeneration of the anterior 
ilrophy of muscles and bones and an abolition of reflex movements. 
,9 an Independent Nerve Centre. 

The spinal cord, by virtue of its containing ganglionic nerve matter, is 
capable of transforming impressions made upon tbe centripetal nerves into 
motor impulses, which are reflected outward through centrifugal nerves to 
muscles, producing movements. These reflex movements taking place 
through the grey matter, are independent of sensation and volition. 

The mechanism involved in every reflex act is a sentient surface, a 
sensory nerve, a nerve centre, a motor nerve and muscle. 

The reflex ejcfitaiility ot \he cord may be— 

(i) /jtcf-ioj-irf by disease of the lateral columns, the administralion of 
strychnia, and in frogs, by a separation of the cord from the brain, thelatter 
apparently exerting an inhibitory influence over the former and depressing 
its reflex activity. 

3. !nhi/iiled by destructive lesions of the cord, e.g., locomotor ataxia, 
atrophy of the anterior cornuir, the administration of various drugs, and, in 
the frog, by irritation of certain regions of the brain. When the cerebrum 



alone is removed and the oplic lobes stimulaled, ihe lime elapsing belween 
the appikation of an irritant lo a senrory surface and Ihe resuUing movc- 
ment will be considerably prolonged. The optic lobes (Setchenow's ceulre] 
apparently generating impulses which, descending the cord, retard its 



All movemeols taking place through the nervous system are of this reflex 
character, and may be divided into excUo-motor, siHsori-meter and idta- 



Classifi cation of Reflex MovemcntB. (KHss.) They may be divided 
into four groups, according to the route through vfhich the centripetal and 
centrilugal impulses pass. 

t. Thrise normal reflex acts, e. g., deglutition, coughing, sneeiiiig, walk- 
ing, etc., pathological reileit acts, t. g., tetanus, vomiting, epilepsy, which 
lake place both centripetalty and cenlrifugally. through spinal nerves. 

2. Refien acts which take place in a centripetal direction throagh a 
cetebrO'Spinal sensory nerve, and in a centrifugal direction through a sym- 
pathetic motor nerve, usually a vaso-motor nerve, t. g., Ihe normal reflex 
acts, which give rise lo most of the secretions, pallor and blushing of the 



skin, c 



nodificalions in the beat of the 
>unt of the difficulty in explaining 
e. g., ophthalmia, coty/n, orchitis, 
s, paralysis, paraplegia. 



Is of Ihe ir 
heart ; the patholugical, which, on accc 
their production, are termed mttas/alU, 
which depend on a reflex hyperemia; 
etc., due to a reflex ansemia. 

3. Reflex movements, in which the Centri|iclal impulse passes through a 
sympathetic nerve, and the ceutrifugal through a cerebro-spinal nerve ; 
most of these phenomena are pathological, f.f., convulsions from intestinal 
irritation produced by the presence of worms, eclampsia, hysteria, etc. 

4. Reflex actions, in which both the centripetal and centrifugal impulses 

I pass through filaments of the sympallielic nervous system, e. g., those ob. 
scure reflex actions which preside over the secretions of the inteMinal fluids, 
which unite the phenomena of the generative organs, Ihe dilatation of the 
pupils from inte>4inal irritation (worms), and many patholi^ical phenomena. 
Laws of ReSex Actioo. (PflUger.) 
I. Z«w u/ UitUaUrality. If a feeble irriUlion be applied lo one or 
more sensory nerves, movement lakes place usually on one side only, and 
that upon the s: 
WPO 



2. Law of Symmtlry. If ihe irritation becomes auflicienlly intense, 
nifested, in addition, in corresponding muscles of the 
I iQiposite «de of the body. 
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3. Law of Intensity, Reflex movements are usually more intense on 
the side of the irritation ; at times the movements of the opposite side equal 
them in intensity, but they are usually less pronounced. 

4. Law of Radiation, If the excitation still continues to increase, it is 
propagated upward, and motor reaction takes place through centrifugal 
nerves coming from segments of the cord higher up. 

5. Law of Generalization, When the irritation becomes very intense, 
it is propagated to the medulla oblongata ; motor reaction then becomes 
general, and is propagated up and down the cord, so that all the muscles 
of the body are thrown into action, the medulla oblongata acting as a focus 
whence radiate all reflex movements. 

Special Centres in the Spinal Cord. 

Genito- spinal centre. In the lower portion of the spinal cord are 
located the centres which control the sphincter muscles of the rectum and 
bladder, the erection of the penis, the emission of the semen, the action of 
the uterus during parturition, etc. 

Cilio-spinal centre. Situated in the spinal cord between the 6th 
cervical and 2d dorsal nerves ; stimulation of the cord in this situation 
produces a dilatation of both pupils through fllaments of the sympathetic, 
which take their origin from this region of the cord. 

Throughout the spinal cord are situated numerous centres which preside 
over the following reflexes, viz : — 

The patellar tendon reflex takes place through the segments from which 
arise the 2d, 3d and 4th lumbar nerves; the cremasteric reflex through the 
segment from which arise the ist and 2d lumbar nerves; the abdominal 
reflex through the segments between the 8th and 12th dorsal nerves; the 
epigastric reflex through the segments from which arise the 4th, 5th and 
6th dorsal nerves. 

Paralysis from Disease of the Spinal Cord. 

Seat of lesion. If it be in the lower part oi i\iQ sacral canal , ih^rQ is 
paralysis of the compressor urethrse, accelerator urinae, and sphincter ani 
muscles ; no paralysis of the muscles of the leg. 

At the upper limit of the sacral region. Paralysis of the muscles of the 
bladder, rectum and anus; loss of sensation and motion in the muscles of 
the legs, except those supplied by the anterior crural and obturator, viz : 
psoas iliacus, Sartorius, pectineus, adductor longus, magnus and brevis, 
obturator, vastus externus and internus, etc. 

At the upper limit of the lumbar region. Sensation and motion para- 
lyzed in both legs ; loss of power over the rectum and bladder ; paralysis 



)«f the muscular walls of the abdomen tnLerrering, with expiratory move- 

At the lower portion of the cervical region. Paral3^is of the legs, etc, 
I SB above; in addition, paralygiK of all Che jntercastal muscles and Consc- 
l-qDenl interference witb inspiratory movements; paralysis of muscles of 
(he upper entremities, except those of the shoulders. 

Aiovi Ike middle of the cervical region. In addition to the preceding, 
difHcuIty in deglutition and vocaliialion, contraction of the pupils, paraly- 
sis of the diaphragm, scalene muscles, intercostals, and many of the ac- 
cessory respiratory muscles ; death resulting immediately, from arrest of 
respiratory movements. 

Anleriar half of spinal cord. Paraplegia developing symmetrically. 

Poslerier half of spinal cord. Characteristic symptoms of locomotor 
Uaxia or tabes dorsalis. 

Ittlhe grey substance irt the vicinity of the central canal and anterior 
horns. If the lesion be acute, symptoms characteristic of acute spinal 
paralysis manifest themselves; if chronic, symptoms characteristic of pro- 
gressive muscular atrophy, 

MEDULLA OBLONGATA. 

The Medulla Oblongata is the expanded portion of the upper part of 
the spinal cord. It is pyramidal in form and measures one and a half 
inches in length, three-quarters of an inch in breadth, half an inch in 
thickness, and is divided into two lateral halves by the anterior and pos- 
terior median fissures, which are continuous with those of the cord. Each 
half is again subdivided by minor grooves, into four columns, viz : anterior 
pyramid, lateral trad and olivary tody, resliform body and posterior 
pyramid. 

. The n»irmBr/j'ro»«(*</is composed partly of fibres continuous with 
I Ihoae of the anterior column of the spinal cord; but mainly of libres 
L derived from the lateral tract of the opposite side, by decussation. The 
* Wiiled fibres then pass upward through the pons Varolii and crura cerebri, 
' and for the most part terminate in the corpus striatum and cerebrum. 

3. The lateral tract is continuous with the lateral columns of the cord ; 

I ill fibres ill pnssing upward take three directions, viz r an external bundle 

I Joins the resliform lioily, and passes into the cerebellum ; an internal 

' "bundle decussates at the median line and joins the opposite nnltrior pyra- 

l)id ; a middle bundle ascends benenlli the olivary body, behind the pons, 

a the cerebrum, as tbe /atciculus terei. 
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The olivnry body of each aide is an oval mass, siliiatcd between the 
anterior pyramid and restiform body ; it is composed of wbite matter exter- 
nally and grey matter internally, forming the corpus dtntalum. 

3. The risti/orm body continuea with the posterior column of the cord, 
also receives fibres from the lateral column. As the restiform bodies pass 
upward they diverge and form a space, the 4th ventricle, the floor of which 
is formed by grey matter, and then tarn backward and enter the cerebellum. 

4. T\\i poslerior pyramid 'i& a narrow, white cord bordering the posterior 
median fissure ; it is conlinaed upward, in connection with the fasciculus 
tens, to the cerebnim. 

The Grey Matter of the medulla is continuous with that of the cord. 
It is arranged with much less regularity, becoming blended with the while 
matter of the different columns, with the exception of the anterior. By 
the separation of the posterior columns, the transverse commissure is 
exposed, forming pari of the floor of the 4th ventricle; special collections 
of grey mailer are found in the posterior portions of the medulla, connected 
with the roots of origin of different cranial nerves. 

ProperticB and Functions. The medulla is excitable anteriorly, 
and sensitive posteriorly to direct irritation. It serves (i) as a conductor 
of sensitive impressions upward from the eord, through the grey matter to 
the cerebrum; (z) as a conductor of voluntary impulses from the brain to 
the spinal cord and nerves, through its anterior pyramids; (3) as a con- 
ductor of coardinating impulses from the cerebellum, throQg;h the reslifonn 
bodies to the spinal cord. 

As an Independent Reflex Centre. The medulla oblongata contains 
special collections of grey matter, which constitute independent nerve centres 
which preside over diETerent functions, some of which are as follows, vii : — 

I. A centre which controls the movements of inaiAfn/io», through affer- 
ent and efferent nerves, (See page zz.) 

I. A centre reflecting impresaons which influence the stertlion of saliva. 
(See page 23.) 

3, A ffM/rr/ar ifrf/a/i/ion, whence are derived motor stimuli exciting to 
action and coBrdinating the muscles of the palate, pharynx and cesophagus, 
necessary for the swallowing of the food. 

t NERVOUS CIRCLE OF DEGLUTITION. (Id and id State*.) 
Excitor Palatal branch of 5th pair, 

or Phnryngeai branches of the glosso- pharyngeal. 

Centripetal Superior laryngeal branches of the pneumogastric. 

Ner^'Cs, CEsophageal branches of the pneumogastric. 
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^^^^^B f PhBiyDgea! branches of the pneuiDogBStric, derived 

^^H Motor from the spinal acce^oi?. 

^^^^^1 "'' Hypoglossal and braaches of the cervic.il plenus. 

^^^H CcDlrifugsI ' Inrerior or recurrent krynged. 

^^^^H Nerves. Motor rilnments or the 3d divi^on of the Jth pair. 

^^^^^P 4. A centre which codrdinutea the muscles concerned in the act of 
^^^^^ veiiaHng. 

5. A Spenh cettlri, coordinating the various muscles necesBsry for the 
accomplishment of articulation through the hypoglossal, facial nerves and 
the 3d division of the sth pair. 

f>. A centre for the harmonization of muscles concerned in expression, 
reflecting its impulses through the facial nerve. 

7. A Cardiac centre, which exerts (1) an accelerating influence over the 
heart's pulsations through accelerating nerve fibres emerging from the cer- 
vical portion of the cord, entering the inferior cervical ganglion, and thence 
passing to the heart; (2) an inhibitory or retarding influence upon the 
action of the heart, through fibres of the spinal accessory nerve running in 
the trunk of the pneumogastric. 

8. A Fait^BiD/orfiX/™, which by alternately contractingand dilatingthe 
blood vessels through ncrvesdistributedin their wails, regulates the quantity 
ufbtuud distributed to an organ or tissue, and thus influences nutrition, secre- 
tion and calorification. The vaso.moCor centre is situated in the medulla 
oblongata and pons Varolii, between the corpora jMadrigemina and the 
ealamui scripitirius. The vasomotor tibres having their origin in this 
centre descend through the interior of the cord, emerge through the anterior 
roots of spinal nerves, enter the ganglia of the sympathetic, and thence 
pass to the walls of the blood vessels, and maintain the arterial tonus ,- 
they may he divided into two classes, viz: tiaso'dHaton, e. ^., chorda 
lympani, and viuo-ctmslrieturs, e. g., sympathetic fibres. 

DivisioH of the cord nt the lower liorder of the medulla is followed by 
•'* dilatation of the entire vascular system anil a marked fall of the blood 
Ga/vanie s/imulatian of the divided surface of the cord is fol- 
lowed by a contraction of the blood vessels and a rise in the bloml pressure. 

9. A Z)('(ii''</j'f(fiii';v, irritation of which causes an increase in the amount 
of urine secreted, and the appearance of a considerable quantity of sugar. 

>. A Respiratory centre, situated near the origin of the pneumogastric 

es, presides over the movements of respiration and its modificationr. 

nghing, sighing, sobbing, sneezing, etc. It may be excited re^eily by 

|c pTCMince of carbonic acid in the lungs irritating the terminal pneuiuo- 
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gajfrie filaments ; or aufomiHcally, according to the character of the blood 
circulating through it; an exiess of carbonic acid or a diminution of 
oxygen increasing the number of respiratory movements; a reverse con- 
dition diminishing ihe respiralorj' movements. 

II. A ij*ajm fcn/rf, stimnlation of Vfhich gives rise to convulsive phe- 



NSRVOUS CIRCLE OF RESPIRATION (ENTIRELY REFLEX). 
Pulmonary branches of the pneumogastric. 
Superior laryngeal. 
Trifacial, or 5th pair. 
Nerves of genera] sensibility. 
Sympalhelic nerve. 
Ptirenic, distributed to the diaphragm, 
Intercostals, distributed to the intercostal muscles. 
Facia] nerve, or portio dura, to the facial mu.scles. 
External branch of spinal accessory, to ihe trapezius 
and stemo-cleida-nuksloid muscles. 









PONS VAROLII. 



erebellum 



^^^" The Pons Varolii unites together the ce 
behind, and the medulla oblongata below, 
longitudinal libres, amidst which are irregularly scallered collections of 
grey or vesicular nervous matter. 

The Iransvirsefihra unite the two lateral halves of Ihe eerebellam. 
The longitudinal fibra are continuous (l) with the anterior pyramids of 
the medulla oblongata, which, interlacing with the deep layers of the 
transverse fibres, ascend to the crara cerebti, forming their superficial or 
fasciculated portions; (2) with fibres derived from the olivary fasciculus, 
some of which pass to the tubercula quadrigemina, while others, uniting 
with fibres from the lateral and posterior columns of the medulla, ascend 
in the deep or posterior portions of the Crura cerebri. 

Properties and Punctions. The superficial portion ii iHsmsible and 
intxcitable to direct irritation ; the deeper portions appear to be ercilable, 
consisting of descending motor tibres; the posterior portions are sinnile 
but intxcitabit to irritation. 

. Transmits motor impulses and sensory impressions from and to the 

L cerebrum. 

^^^H The grty gangUome matter con»sts of centres which convert impres- 




and originate molor impulses, these Ealting 
itellectual process ; they are the seal of inalbet- 
i which assist in the co-ordination of the auto- 
progression. 



CRURA CEREBRI. 

The Crura Cerebri are largely composed of the loogitudin^I Bbres of 
the pons (anterior pyramids, fasciculi teretes); after emei^ing from the 
pons they increase in size, and become separated into two portions by a 
layer of dark grey matter, the UcHS niger. 

The siiperfidal portion, the crusla, composed of the anterior pyramids, 
constitutes the motor tract, which terminates, for the most part, in the 
corpus sirialum, but to some extent, also, in the cerebrum ; the detp por- 
tien, made up of the fasciculi teretes and posterior pyramids and accessory 
fibres from the cerebellum, constitute the sensory trad (the tigmmtum), 
which terminates in (he optic thalamus aJid cerebrum. 

Function. The crura are conductors of motor imjjulses and sensory 
impressions; the grey matter, the locus niger, assists in the coSrdioatioQ 
of the complicated movements of the eyeball and iris, through the motor 
OCnti communis nerve. They also assist in the harmonization of general 
muscular movements ; section of one cms giving rise to peculiar move- 
_ menls of rotation and somersaults forward and backward, 

CORPORA QUADRIGEMINA. 

The Corpora QuHdriKcmina are four small, rounded eminences, two 
on each side of the median line, situated immediately behind the third 
ventricle, and beneath the posterior border of the corpus callosum. 

The anterior tubercles are oblong from before backward, and larger 
than the posterior, which are hemispherical in shape % Ihey are grcyi^ in 
color, but consist of white matter externally and grey matter internally, 

Both the anterior and posterior Inbercles are connected with the optic 
Ihalaiui by commissural bands named the anterior and posterior brackia, 
respectively. They receive fibres from the olivary fasciculus and fibres from 
the cerebellum, which pass upward to enter the optic Ihataml, 

The corpora genicutala ore situated, one on the inner side and one on 
the outer side of each optic tract, behind and beneath the optic thalamus, 
and from their position are named the corpora gtnieulata interna and 
txtima i Ihey give origin to fibres of the optic nerve. 
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Functiona. The Tubircuia guadrigemina are the physical centres of 
sight, imnslaCing the Euminous impressions inlo visual sensationa. Deslmc- 

in of these tubercles is immediately followed by a loss of the sense of 
sight ; moreover, their action in vision is crossed, owing to the decussation 
of the opiic tracts, so that if the tubercle of the right side he dcBtroyed by 
disease or extirpated, in a pigeon, the aghl is lost in the eye of the oppo- 
site side, and the iris loses its mobility. 

The tubercuta quadrigemiDa as nerve centres preside over the reflex 
movements which cause a dilation or contraction of the iris; irritation of 
the tubercles causing contraction, destruction causing dilatation. Removal 
of the tubercles on one side produces a temporary loss of power of the 
opposite side of the body, and a tendency lo move around an axis is 
manifested, as nOer a section of one cruB cerebri, which, bowever, maybe 
due to giddiness and loss of sight. 

They also a.'^sist in the coSrdinatioo of the complex movements of the 
eye, and regulate the movements of the iris during the movements of 
accommodation for distance. 



CORPORA STRIATA AND OPTIC THALAMI. 

The Corpora Striata are two large ovoid collections of grey matter, 
situated al the base of the cerebrum, the larger portions of which are 
imbedded in the while matter, the smaller portions projecting into the 
part of the lateral ventricle. Each striated body is divided, by a 
narrow band of white matter, into two portions, viz : — 

The Caudate HucUus, the intraventricular portion, which is conical 
■hape, having its apex directed backward, as a narrow, tait-like process. 
The Lmlifular nuclnts, imbedded in the white matter, and for the 
lost part external to the ventricle; on the outer side of the lenticular 
nncleus is found a narrow band of white mailer, the external capsule; 
and between it and the convolutions of the island of Reil, a thin band of 
grey matter, the ilatatrum ; the corpora striata are greyish in color, and 
when divided present transverse slriations, from the intermingling of white 
fibre and grey cells. 

The Opdc Thalami are two oblong masses situated in the ventricles 
posterior lo the Corpora striata, and resting upon the posterior portion of 
the crura cerebri. The internal surface projecting into the lateral ven- 
tricles is while, but the interior is greyish, from a comminglii^ of both 
white libres and grey cells. Separating the lenticular nucleus fmm the 
caudate nucleus and the optic thalamus is a band of white tissue, the 
n-nal cafsule. 




The Intrmal cafsuli is a narrow, bent tract of whili 

n of the mo/or trad of Ihe crura cerebri. It 
consias of two segments, an anterior, situated between the caudate 
nucleus and tlie anterior surface of the lenticular nucleus, and a pmltrior, 
situated between the optic thalamus and (he posterior surface of the len- 
ticular nucleus. These two segments unite at an obtuse angle, which is 
directed towards the median line. Pathological observation has shown 
that the nerve fibres of the direct and crossed pyramidal tracts can be 
traced upward through the anterior two-thirds of the posterior segment, 
into the centrum ovale, where, for the most part, they arc lost; a portion, 
however, remaining united, ascend higher and terminale in the paracentral 
lobule, the superior extremity of the ascending frontal and parietal convo- 
lutions. The stnsory Irticl cnn be traced upwanl, through the posterior 
third, into the cerebrum, where they probably terminale in the hippO' 
campus major and unciate convolution. 

Functions. The Corpora striata are the centres in which terminate 
some of the fibres of the superficial or motor tract of the crura cerebri; 
others pass upward through the internal (afisiile, to l>c distributed to the 
cerebrum. It might be inferred, from their anatomical relations, that Ihey 
are motor centres. Irritation by a weak galvanic current produces mus- 
cular movements of the opposite side of the bodyi destruction of their 
substance by a hemorrhage, as In apoplexy, is followed by a paialy»s of 
motion of the opposite side of the body, but there is no lots of sensation. 
When the hemorrhagic destruction involves the fibres of the anterior two' 
Ihirda of (he posterior segment of Ihe internal capsule, and thus separates 
them from their trophic centres in the cortical motor region, a descending 
degeneration is established, which involves the direct pyramidal tract of 
the same side and the crossed pyramidal tract of the. opposite ade. 
Destruction of the posterior one-third of the posterior segment of the 
internal capsule is followed by a loss of sensation on the o[)))osite side of 
the body, and a loss of the senses of smell and vision on the same 
side (Charcot). The precise function of the corpora striata is unknown, 
but they are in some way connected with motion. 

The Optic thalami receive the fibres of the ttgmentum, the posterior 
portion of the crura cerebri. They are insensible and inexcitable to direct 
irritation. Removal of one optic thalamus, or destruction of its substance 
by dis^ease or heniurrhage,iB followed by a loss of sensibility of the opposite 
side of the body, but there is no loss of motion; their precise function Is 
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CEREBELLUM. 

The Cerebellum is silualed in the inferior fosse of the occipital bone, 
beneath the posterior lobes of the cerebrum. It attains its maxunum 
weight, which is about 5 oz., between the twentf-Bftb and fonielh years; 
the propoition between the cerebellum and cercbruni being I to 8^. 

It is composed of tuio laliral kemispkerts and a Central elongated lobe, 
the vfrmifarm process ; the two hemispheres ace connected with each 
other by the fibres of the middle peduntle forming the superficial portion 
of tbe pons Varolii. It is brought into connection witli (he medulla 
oblongata snd spinal cord, through the prolongation of the Testiform bodies ; 
with (he cerebrum, by fibres passing upward beneath the corpora qu^ri. 
gemina and the optic thalami, and then form part of the diverging; 
cerebral fibres. 

Structure. It is composed of both white and grey matter, the former 
being internal, the latter external, and convoluted, for economy of space. 

The While mailer consists of a central stem, in the interior of which is 
a dcntated capsule of grey matter, the carpus denlalum. From the external 
surface of the stem of white matter processes ore given off, forming tbe 
laminte, which are covered with grey matter. 

The Grey maltir is couvolutcd and covers externally the laminated pro- 
. cesses; a verticil section through the grey matter reveals the following 
structures : — 

I. A dehcale conneclive tissue layer, just beneath the pia mater, contain- 
ing rounded corpuscles, and branching fibres passing toward the external 
surface. 

a. The cells of Purkitije, forming a layer of large, nucleated, branched 
nerve cells sending off processes to the external layer. 

3- A granular layer of small, but numerous corpuscles. 

4. Nerve fibre layer, formed by a portion of the white matter. 

Propertiei and Functiona. Irritation of the eerebeUum is not fol- 
lowed by any evidences either of paio or coiivulsive movemenis; it is, 
therefore, insemiSle and inexcilabli. 

Co-ordination of Movements. Removal of the superficial portions 
of tbe cerebellum in pigeons produces feebleness and want of harmony 
in the muscular movements; as successive slices are removed, the move- 
ments become more irregular, and the pigeon becomes restless; when 
the last portions are removed, all power oi flying, Tvalting, standing, etc., 
ipientircly gone, and the eqatlibrium cannot be maintained, the power of 
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caSri/inaling muscular moveineiiU being entirely gone. Tli< 
have been obtained by operating on all classes of unitnals. 

The following symptoms were noticed by Wagner, after n 
whole or a large part of the cerebellum. I. A tendency on the part of 
the animal to throw itself on one Eide, and to extend the Ittgs as far as 
possible, z. Torsion of the head on the neck. 3. Trembling of the 
muscles of the body, which was general. 4. Voiniting and occasionally 

Porceil Movements. Division of ene crura cinbelti causes the animal | 
(o fall on one side and roll rapidly on its longitudinal axis. According to | 
SchiFT, if the peduncle be divided from bihiad, the animal falls 
same ^de as the injury; if the seclioii be made in front, the animal turns | 
to the opposite side. 

Diitasi of the cerebellum partially corroborates the results of experi- 
ments ; ia many cases symptoms of unsteadiness of gait, from a maril of I 
codrdinalion, have been noticed. 

ComparcUivt anatpmy reveals a remarkable corresponden 
the development of the cereliellum and the complexity of must 
It attains a much greater development, relatively to the rest of the brain, 
in those animals whose movements are very complex and varied in char- 
acter, such as the kangaroo, shark and swallow. 

The cerebellum may possibly exert some influence over the sexual func- ■ 
tion, but physiological and pathological facts are opposed to the idea of 
its being the seat of the sexual instinct. Il appears to be simply a centre 
for the coGrdinalion and equilibration of muscular movements. 

CEREBRUM. 

The Cerebrum is ijie largest ]]onion of the encephalic mass, constilut- 
ing aboul futir-lifths of its weight; the average weight in the adult male 
is from 4S to 50 oz., or about 3 pounds, while in (he adult female it is 
about 5 oz. less. After the age of 40 the weight of the cerebrum gradually 
diminishes at the rate of one ounce every ten years. In idiots the brain 
weight is often below the normal, at times not amounting (o more than zo 

The Blood Supply to ihe cerebrum is unusually large, considering ill 
compnralive bulk ; nearly oni-fiflk of the entire volume of blood being 
distributed to it by the carotid and vertebral arteries. These vessels anas- 
tomose so freely, and are so arranged wilbin the cavity oF the cnnium. (hat 
an obstruction in one vessel will not interfere with the regular supply of 
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blood to the parts lo which its branches are diEtribuled. A diminrshed 
amounl, or complele cessation, of the supply o{ blood is at once followed 
by a suspension of its functional activity. 

The cerebnirn is coaoecled with the pons Varolii and isedulk oblongata, 
through ihe crura cerebri, and with the cerebellum, through the superior 
peduncles. It is divided into two lateral halves, or bemisphercs, \>y the 
longitudinal fissure running from before backward in the median line ; 
each hemisphere is composed of both wii'/r and ^/y matter, Ihe former 
being internal, the latter external ; it covers the surfaces of the hemisphere 
which are infolded, forming convoliitioDS, for economy of space. 

Fissure H. 

I. The ^wja/v o/'5)'A^«/ is one of the most importanl; it is the first lo 
appear in the development of the fcetal brain, being visible fit about the 
third month; in the adult il is quite deep and well marked, running from 
the under surface of the brain upward, outward and backward, and forms 
a boundary between Ihe frontal and temporo -sphenoidal lobes. 

X. The Fissure ef Rolando is second in importance, and runs from a 
point on the convexity near the median line' transversely outward and 
downward toward the (tssure of Sylvius, but does not enter it. It sepa- 
rates the frontal from the parietal lobe. 

3. The Farietal fissurt, arising a short distance behind the fissure of 
Rolando, upon the convexity of tbe hemisphere, runs downward and 
backward to its posterior extremity. 

Secondary fissures of importance are found i 
cerebrum, separating the various convolutions, 
found K\tefirecfntrol, superior frotUala.ai inferi 
occipital lobe, are found the pariito-ocdpilal and 

Convolutions. Frontal Lobi. 

The Asceiuling fmnlfit convalution, situated in front of the fissure of 
Rolando, runs downward and forward; il is continuous above with the 
anterior frontal, and below with the inferior frontal convolution. 

The Superior frontal csnvolutian is bounded internally by the longitu- 
dinal (issnre, and exicmally by the superior frontal fissure ; it is connected 
with the superior end of the frontal convolution, and runs downward and 
forward lo the anterior extremity of the frontal lobe, where it turns back- 
ward, and rests upon the orbital plate of the frontal bone. 

The Middli frontal convolution, the largest of Ihe three, runs from 
behind forward, along the sides of the lobe, lo its anterior part; it is 
bounded above by the superior and below by ihe inferior frontal fissures. 



I different lobes of the 



or frontal fissures ; in I 
the caUarim fissures. 



I The Inferior fraiilal convolution winds around Ihe ascending bmnch of 
the (issute of S;Iviu3, in the anterior and inferior poitioa of tbe cerebrum. 
Parietal Lobe. Tlie Aseettding parietal convolultoa is sitnaied just 
behind the fissure of Rolando, running downward and forward; above, it 
becomes conCiouous with the upper parietal convolution, and below, winds 
around to be united with the ascending frontal. 
The Upper parietal cenvolulian is situated between the parietal and 
longitudinal lissures. 

The Supra-marginal cenvululion winds around the superior extremity 
of Ihe Rssure of Sylvius. 

The Angular convolution, a continuation of the preceding, follows the 
parietal fissure to its posterior extremity, and then makes a sharp angle 
downward and forward. 

Temporo-spheitoidal Lobe. Contains three well marked convolutions, 
the superior, middle and inferior, separated by well defined fissures, and 
continuous posteriorly with the convolutions of ibe parietal lobe. 

The (?fri/>i/a/ ZoJe lies behind the parieto- occipital fissure, and contuns 
the superior, middle and inferior convolutions, not well marked. 

The Central Lobe or Island efHeil, situated at the bifurcation of the 
fissure of Sylvias, is a triangular- shaped cluster of six convolutions, the 
gyri operti, which are connected with those of the frontal, parietal, and 
temporo-sphenoidal lobes. 

Structure. The Grey matter of the cerebrum, about one-eighth of an 
inch thick, is composed of fivelayers of nerve cells: (t) a superficial layer, 
containing few small multipolar ganglion cells; (2) small ganglion cells, 
pyramidal in shape ; (3) a layer of large pyramidal ganglion cells with 
processes running off superiorly and laterally ; {4) the granular formation 
containing nerve cells; (5) spindle shaped and branching nerve cells of 
moderate size. 

The While Matter conasts of three distinct sets of fibres— 
I. The dit/erging or peduncular fibres are mainly derived from the 
columns of tbe cord and medulla oblongata; passing upward through the 
crura cerebri, they receive accessory fibres from the olivary fasciculus, 
corpora quadrigemina and cerebellum, Some of the fibres terminate in 
the optic tbalami and corpora striata, while othets radiate into the anterior, 
middle and posterior lobes of the cerebrum. 

X. The transverse commissural fibres connect together the two hemi- 
spheres, through the corpus callosum and anterior and posterior commii- 
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cl together different parts 



3. The Imgiiudinal 
of tlie same hemispher 

Functiona, The cerebral hemispheres are the centres of the nervous 
system through which are manifested all the phenomena of the mind; 
they are the centres in which impressions are registered, and reproduced 
subsequently as ideas; they are the seal of intelligence, reason and will. 

However important a centre the cerehnim may be, for the exhibition of 
this highest form of nervous action, it is not directly essential for the con- 
tinuance of life; for it does not exert any control over those au lorn alic 
reflex acts, such as respiration, circulation, etc., which regulate the func- 
tions of oreanic life. 

From the study of comparative anatomy, pathology, vivisection, etc., 
evidence has been obtained which throws some light npon the physioli^y 
of the cerebral hemispheres. 

r. Comfiarativt Anatomy shows that there is a general connection be- 
tween the size of the brain, its texture, the depth and number of convolu- 
tio[;s, and the exhibition of mental power. Throughout the entire animal 
series, the increase in intelligence goes hand in hand with an increase in 
the development of the brain. In man there is an enormous increase in 
siie overthatof the highest animals, the anthropoids. The most cultivated 
races of men have the greatest cranial capacity ; that of the educated 
European being about l t6 cubic inches, that of tha Australian being about 
60 cubic inches, a difference of 56 cubic inches. Men distinguished for 
great mental power usually have lai^e and well developed brains; that of 
Cuvier weighed 64 at.. ; that of Abercrombie 63 oz. ; the average being 
about 48 to 50 oz. ; not only the size, but above all, the texture of the 
brain, must be taken into consideration. 

2. Pathology. Any severe injury or disease disoiganiiing the hemi- 
spheres is at once attended by a disturbance, or entire su^nsion of mental 
activity. A blow on the head producing concussion, or undue pressure 
from cerebral hemorrhage destroys consciousness; physical and chemical 
alterations in the grey matter have iwen shown to coexist with insanity, 
loss of memory, speech, etc. Congenital defects of organiiatiou from im- 
perfect development are usually accompanied hy a corresponding deficiency 
of intellectual power and the higher instincts. Under these circumstances 
no great advance in mental development can be possible, and the intelli- 
gence remans at a low grade. In cnngenital idiocy not only is the brain 
of small size, but it is wanting in proper chemical compo^tion; fhesfhorui, 
a characteristic ingredient of the nervons tissue, being largely diminished 




3- ExffrimrHtalion upon Che lower nnimals by removing [he cerebml 
hemispheres is alteoded by results similiu to those observed in disease and 
injury. Rtmoval of the cerebrum in pigeons produces cotnpU 
of intelligence, and destroys the capability of performing spontai 
movements. The pigeon remains in a condition of profound stupor, which 
is not accompanied, however, by a loss of sensation, or the power of pro- 
ducing reflex or instinodve movements. The pigeon can be temporarily 
■roused by pinching the feet, loud noises, light placed before Ihe eyes, etc., 
bat soon relapses into a state of quietude, being unable to remember im- 
pressions and connect them with any train of ideas ; the faculties of 
memory, reason and judgment being completely abolished. 
LOCALIZATION OF FUNCTIONS. 

The Faculty o/artiiulaU language, by which the individual associates 
ideas and words, comprises two distinct faculties, viz i i. The power of 

calling particular words; z. The co5rdination of muscles necessary for 
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Aphasia is a condition in which the power of expressing ideas in words 
is completely lost. Pathological observation has shown that this condition 
is frequently associated with disease of ihe jj /roiUai convolution of the 
li/t side, and also the convolutions of the island of Reil, parts nourished by 
the middle cerebral artery. It usually coexists with righl hemiplegia ; at 
limeG aphasia results from disease of corresponding structures of the 
right »de. The faculty of articulate language may be located in 
3d frontal convolution and the island of Reil, usually on the left sidi 
the brain. 

Motor Centres. The grey matter covering the cerebral hemispherea 
is both insensible and inexcitable to ordinary mechanical and chemical 
stimuli ; but when a galvanic current of low intensity is applied to par- 
ticular r^ions of the cerebrum of a monkey, in which the general 
arrangement of the convolutions approximates that of man, definite c 

t Ordinate movements occur on the opposite side of the body, e. g., rotatio 
flexion and extension of ihe limbs, and movements of the facial muscles 
The regions in which the molor centres are located are the convolutions 
ftround the fissure of Rolando, especially the ascending /rental and the 
atrmding parittal. Destruction of the grey matter of these convolul 
b followed by a paralysis of motion on the opposite side of the body ; 
destruction of circumscribed areas in these convolutions, causes paralysis 
of the groups of muscles excited to action by electrical stimulation of such 
jtreat. 
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The antfrn-fronlal and occipilal leies 
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Special Centres. The superior and middU frontal convoluiions 
appear to be connected with the intellectual faculties; ablation of these 
convolutions causes a marked impairment of the intelligence and of the 
faculty ofattentive observation, without impairing Mther sensation ormotion. 

The Visual ctntre is located in the angular convolution. If this centre 
be destroyed, blindness of the opposite eye results, which is, however, only 
temporary if the opposite angular convolution be intact; destruction of 
both causes a complete and permanent loss of visual perceptions. 

The Auditory and Tasif cfntru are located in the superior and inferior 
temporo-Sphenoiilal convolutions respectively; destruction of these regions 
abolishes the sense of hearing and taste. The sense of smell \i situated in 
the uncinate convolution or comu ammonis. 

Systemit sensations are probably located in the occipital lobesj their 
ablation is followed by a state of great depression, loss of appetite, and a 
refusal to lalce food. 

The centre for sensory impressions is located in the posterior portion of 
the cerebrum; destruction of the posterior portion of the internal capsule 
the opposite side of body. 



I SYMPATHETIC NERVOUS SYSTEM. 

' The Sympathetic Nervous System consists of a chain of ganglia 
connected together by longitudinal nerve filaments, dtuated on each side 
of the spinal column, running from above downward. The two gangli- 
onic cords are connected together in the interior of the cmninm by (he 
ganglion of Ribes, on the anterior communicating artery, and terminate in 
the ganglion impar, situated at the tip of the coccyx. 

The chain of ganglia is divided into groups and named according to the 
localities in which they are foand, v\z-. eranial, four in number; arvital, 
three; /^foraiiV, twelve ; /wmiai', five ; jacra/, five; loceygeal.aac Each 
ganglion consists of a collection of vesictdar nervous matter, among which 
are found tubular axA gelalinous nerve libres. The ganglia are reinforced 
by motor and sensory fibres from the cerebro -spinal nervous system. 

The Ganglia are distinct nerve fibres, from which branches are dis- 
tributed to glands, arteries, muscles, and to the cerebral and spinal nerves; 
many pass, also, to the visceral ganglia, t, g., cardiac, semilunar, pelvic. 



Cephalic Ganglia. 

1. The Opkthatmk or Ciliaiy eanglion is situated in the orbital cavity 
^ posterior to the eyeball; it is of small size, and of a reddish grey color; 

s 61ajneiits of communication from the motor oculi, ophthalmic 
branch of the 5th pair, and the carotid plexus. Its lilaments of distribu- 
tion arc the ciliary nerves which pass lo the iris and ciliary muscle. 

Functint. It is the centre through which the reflex acts take place by 
which the pupil is contracted or diluted; controls the movement of 
accommodation for vision at different distances. 

2. The Sfihino-palalitii, Or Meckel's ganglion, triangular in shape, is 
situated in the spheno-maxillary fossa; receives filamenls from the facial 
(Vidian nerve), and the superior maxillary branch of the 51h nerve. Its 
filaments of distribution pa.ss to the gums, the son palate, levator palali, 
and azygos uvulae muscles. 

3. The Olic, or Arnold's ganglion, is of small size, oval in shape, and 
situated beneath the foramen ovale; receives a motor lilament from the 
facial and scnsoiy filaments from the glosso -pharyngeal and 5th nerve ; 
sends filaments to the mucous membrane of the tympanic cavity and to the 
tensor tympani muscle. 

4. The Suimaxillary ganglion, situated in the sub-maxiUary gland, 
Teccives motor Klamenls from the chorda tympani and sensory filaments 
from the lingua! branch of the Jth nerve. Regulates to some extent the 

Cervical Ganglia. 

The Suptrior cirviial ganglion is fusiform in shape, of a greyish-red 
color, and situated opposite the 2d and 3d cervical vertebne; it sends 
branches to form the carotid and cavernous plexuses which follow the 
course of the carotid arteries to their distribution ; also sends branches 
to join the glosso- pharyngeal and pneumogastric, to form the pharyngeal 
plexus. 

The Middle ceniUal ganglion, the smallest of the three, is occasionally 
wanting; it is situated opposite the 5th cervical vertebra; sends branches 
to the superior and inferior cervical ganglion, and to the thyroid artery. 

The Inferier cervical ganglion, irregular in form, is situated opposite the 
last cervical vertebra ; it is frequently fused with the first thoracic ganglion. 

The superior, middle and inferior cardiac neriies, ariang from these 
cervical ganglia, pass downward and forward to form the deep and super- 
ficial cardiac plexuses located at the bifurcation of the trachea, from which 
_b(aiichefi are distributed to the heart, coronary arteries, etc. 
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The Thoracic Ganglia are usually twelve in number, placed against 
the heads of the ribs behind the pleura. ; they are small in size and grey in 
color; they communicate with the cerebro- spinal nerves by two filaments, 
one of which is while, the other grey. 

The grtal ifilanchmc ntrvf is formed by the union of branches from the 
sinlh, seventh, eighth nod ninth ganglia ; it passes through the diaphragm 
to the semi-lunar ganglion. 

The hair splatuhttti: nerve is formed by the union of filamenLi from the 
tenth and eleventh ganglia, and is distributed to the cceliac plexus. 

The rnial splaiehnii: nirvt arises from the last thoracic ganglion and 
terminates in the renal plexus. 

The semi-lunar gangda, the largest of the sympathetic, are situated by 
the side of the cceliac axis; they send radiating branches to form the solar 
pliTHs; from the various plexuses, nerves follow the gastric, splenic, 
hepatic, renal, etc., arteries, into the different abdominal viscera. 

The Liumbar Ganglia, four in number, are placed upon the bodies of 
the vertebra ; they give off branches which unite to form the aortic lumbar 
plexus and the hypogastric plexus, and follow the blood vessels to their 
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The Sacral and Coccygeal Ganglia send filaments of distribution to 
all the blood vessels of the pelvic viscera. 

Properties and Functions. The sympathetic nerve possesses both 
sensibility and the power of exciting motion, but these properties are much 
less decided than in the cerebro'Spinal system. Irritation of the ganglia 
does not produce any evidence of pain until some time has elapsed. If 
caustic soda be applied to the semi-lunar ganglia, or a galvanic current be 
passed through the splanchnic nerves, no instantaneous effect is noticed, as 
in the case of the cerebro-spinal nerves ; but in the course of a few seconds 
a slow, progressive contraction of the muscular coat of the intestines is 
established, which continues for some time after the irritation is removed. 
Division of the sympathetic nerve in the neck is followed by a vascular 
congestion of the parts above the section on the corresponding side, attended 
by an increase in the temperature ; not only is there an increase in the 
amount of blooil, hut the rapidity of the blood current ts very much 
hastened, and the blood in the veins becomes of a brighter Color. Gal- 
vanization of the upper end of the divided nerve causes all of the preced- 
ing phenomena to disappear ; the congestion decreases, the temperature 
falls, and the venous blood becomes dark again. 

The sympathetic exerts a similar influence upon the circulation of the 



limbs and the glandular oi^ns; deslmction of the first thoracic ganglion 
and division of the nerves farming the lumbar and sacral plexuses is 
followed by a dilatation of the vessels, an increased lapidity of the circu- 
lalion, and an elevation of temperature in llie anterior and posterior 
limbs : galvanization of the peripheral ends of these nerves causes all of 
these phenomena to disappear. Oivision of Che splanchnic nerve causes 
a dilatation of the blood vessel of the intestine. 

These phenomena of the sympathetic nerve system are dependent upon 
■he presence of vaso-ibolor nerves which, under normal circumstances, 
exert a Ionic influence upon the blood vessels. These nerves, derived 
from the cerebrospinal system, the medulla oblongata, leave the spinal 
cord by the rami commiinicatttes, enter the sympathetic ganglia, and 
finally terminate in the muscular wall of the blood vessels. 

Sleep is a periodical condition of the nervous system, in which there is 
a partial or complete cessation of the activities of the higher nerve centres. 
The cause of sleep is a diminution in the quantity of blood, occasioned by 
a contiactian of the smaller arteries under the influence of the vaso. motor 

During the walling stale the brain undergoes a physiological waste as b 
result of the exercise of its functions: after a certain length of time its 
activities become enfeebled, and a condition of repose ensues, during which 
a regeneration of its substance takes place. 

When the brain becomes enfeebled there is a. diminished molecular 
activity and an accumulation of waste products; under these circumstances 
it ceases to dominate the medulla oblongata and the spinal cord. These 
centres then act more vigorously, and diminish the calibre of the cerebral 
blood vessels through the action of the vaso-motor nerves, producing a con- 
dition of physiological anaemia and sleep ; during this state waste products 
moved, force is stored up, nutrition is restored, and waking finally 
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V The Sense of Touch \% a modification of general scDsibility, and 

I located inthc skin, which is especially adapted for this purpose, on account 

I of Che number of nerves and papillary elevations it possesses. The strue- 

I Cures of ihe shin a^id the modes of terminations of the sensory nerves have 

I already been considered. 

I The Tttctile Sensibility varies in acuteness in ditTerenC portions of the 
^^^^_ body; being most marked in those regions in which the tactile corpuscles 



mre mori ftbundant, c. g., the palmar surface of the third phalanges of the 
Gngers and Ihumb. 

The rilatitie sinsiiilily of different portions of the body has been ascer- 
tained hy means of a pair of compasses, the points of which are guarded 
by cork, and then determining how closely Ihey could be brought together, 
and yet be felt at two distinct points. The following are some of the 

Point of tongue yi of a line. 

Palmor surface of third phiilanx i line. 

Red surface of lips 2 lines. 

Palmar surface of metacarpus _ 3 " 

Tip of the nose 3 " 

Part of lips covered by skin 4 " 

Palm of hand 5 " 

Lower part of forehead 10 " 

Back of hand 14 " 

Dorsum of foot_ 18 " 

Middle of the thigh 30 " 

The sense of touch communicates to the mind the idea of rtsiilance 
only, and the varying degrees of resistance offered to the sensory nerves 
enables ua lo estimate, with the aid of the muscular sense, the qualities of 
hardntss and soflnas of external objects. The idea of ifac( or exten- 
sian is obtained when the sensory surface or the external object changes 
its place in regard to the other; the character of the surface, its roi^h- 
Hisi or imiKlkiias, is estimated by the impressions made upon the tactile 

Appreciatisn of Ttmptrature. The genera] surface of the body is more 
or less sensitive to differences of temperature, though this sensation is 
separate from that of touch ; whether there are nerves especially adapted 
for the conduction of this sensation has not been fully determined. Under 
pathological conditions, however, the sense of touch may be abolished, 
while the appreciation of changes in temperature may remain normal. 

IS surface varies in its sensibility to temperature in different 

t puts of the body, and depends, lo some extent, upon the thickness of the 

exposure, habit, etc. ; the inner surface of the ell>ow is more seu^' 

dve to changes in temperature than the outer portion of the arm; the 

len hand is more sensitive than the right ; the mucous membrane less so 

than the skin. 

Excessive heat or cold has the same effect apon the sensibility ; the 
temperatures most readily a[>preciated are those between 50" F., and 115" F. 
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The sensations of pain and liikling appear to be conducted to the brain, 
also, by nerves different from lliose of touch ; in nbnonnal conditions the 
ippreciation of pain may be entirely lost, while touch remains unim- 

I THE SENSE OF TASTE. 

The Sense of Taste is localized mainly in the mucous membrane 
covering the superior surface of the tongue. 

The Tongue is situated in the floor of the mouth ; its base is directed 
backward, and connected with the hyoid bone, by numerous muscles, with 
the epiglottis and soft palate-; its opex is directed forward against the pos- 
terior surface of the teeth. 

The suislance of the tongue is made up of intrinsic muscular fibres, 
the HHgHoles ; it is attached to surrounding parts, and its various move- 
ments performed by tlie extrinsic muscles, f. g., stylo-glossua, genio-hyo- 

The mucous membrane covering the tongue is continuous with that 
lining the commencement of the alimentary canal, and is furnished with 
vascular and nervous papillx. 

The /a^i//,£ are analogous in their structure to those of the skin, and 
are distributed over the dorsum of the tongue, giving to it its characteristic 
roughness. 

There are three principal varieties ; — 

1. 1\ie filiform papilla are most numerous, and cover the anterior Iwo- 
thirds of the tongue; they are conical or filiform in shape, often pro- 
longed into filamentous tufts, of a whitish color, and covered by horny 

2. The fimgiferm papilla are found chiefly at the lip and sides of the 
tongue ; they are larger than the preceding, and may be recognized by 
their deep red color. 

3. The drcumvallate papilla are rounded eminences, from 8 to 10 in 
number, situated at the boie of the tongue, where they form a V-shaped 
figure. They are quite large, and consist of a, eenlral projection of 
mucous membrane, surrounded by a wall, or dreumvallation, from which 
they derive their name. 

The TbhIb Beakers, supposed to be the true organs of taste, are flask- 
like bodies, ovoid in form, about the ^\^ of an inch in length, situated in 
the epithelial covering of (he mucous membrane, on the circumvallate 
plpiltie. They consist of a number of fusiform, narrow cells, and curved 



!oTm the waits of Ihis Bask-like body ; in the interior are elongated 
ceils, with large, clear nuclei, the /offt ctlla. 

Nerves of Taste. The rkerda lyinpani nerve, a branch of the facial, 
after leaving the cavity of the tympannm, joias the 3d division of the Jth 
nerve between the two pterygoid muscles, and then passes forward in the 
lingual branches, to be distributed to the mucous membrane of the anterior 
two-thirds of the tongue. Diviaon or disease of this nerve is foUowed by 
a loss of taste in the part to which it is distributed. 

The glnssB-pharyngfal enters the tongue at the posterior border of the 
hyo-glossus muscle, and is distributed to the mucous membrane of the base 
and sides of the tongue, fauces, etc. 

The Imgttal branch of the Iri/acial nerve endows the tougue with 
general sensibility ; the hypoglossal endows it with motion. 

The nerves of lasleia the superficial layer of the mucous membrane form 
a hne plexus from which branches pass lu the epithelium and penetrate it; 
others enter the taste beakers, and are directly connected with the tasle cells. 

The seat of the sense of taste has been shown by experiment to be the 
whole of the mucous membrane over the dorsum of the tongue, soft pal- 
ate, fauces, aod upper part of the pharynx. 

The Sense of Taste enables us to distinguish the savor of substances 
introduced into the mouth, which is dilTerent from tactile sensibility. The 
sapid quality of substances appreciated by the tongue are designated as 
bitter, sweet, alkaline, sour, salt, etc. 

The Essential Conditions for the production of the impressions of 
taste are (I) a stale of solubility of the food; (z) a free secretion of the 
saliva, and (3) active movements on the part of the tongue, exerting 
pressure against the roof of the moulb, gums, etc., thus aiding the solution 
of various articles and their osmosis into the lingual papillae. Sapid sub- 
stances, when in a state of solution, pass into the interior of the taste 
beakers and come into contact, through the medium of the taste cells, 
with the termiofll filaments of the gustatory nerves. 



THE SENSE OF SMELL. 

The Sense of Smell is located In the mucous membrane lining the 
I npper part of the nasal cavity, in which the olfactory nerves are distributed. 

The Nasal Fossse are two cavities, irregular in shape, separated by 
Ae vomer, the perpendicular plate of the ethmoid bone, and the triangular 
sarlilage. Tliey open anteriorly and posteriorly by the anterior and pos- 



terior nares, Ihe laHer conununicating wilh the pharynit. They are lined 
by mucous membrane, of which the only portion capable of receiving 
odorous impressions is the part lining the upper one-third of Ihe !ossse. 

The Olfactory Nerves, arising by three roots from the posterior and 
inferior snrface of the anterior lobes, pass forward to the cribriform plate of 
Ihe ethmoid bone, where they each expand into an oblong body, the olfactory 
bulb. From its under surface from ij to 20 filaments pass downward 
through the foramina, lo be distributed to the olfactory mucous membrane, 
where Ihey terminate in long, delicate, spindle-shaped cells, the olfactory 
cells, situated between the ordinary epithelial cells. 

The olfactory bulbs are the centres in which odorous impressions are 
perceived as sensations; destruction of these bulbs being attended by an 
iiboliCion of the sense of smell. 

In animals which possess an acute sense of smell, there is a correspond- 
ing increase in the development of the olfactory bulbs. 

The Essential Conditions for the sense of smell are, (i) a special 
nerve centre capable of receiving impressions and transforming Ihem into 
odorous sensations. {2) Emanations from bodies which are in a gaseous 
or vaporous condition. (3) The odorous emanations must be drawn 
freely through the nasal fossae ; if the odor be very faint, a peculiar inspira- 
tory movement is made, by which the air is forcibly brought into contact 

^^^^f with the olfactory filaments. The secretions of the nasal fossx probab'y 

^^^^H dissolve Ihe odorous particles. 

^^^^^ Various substances, as ammonia, horseradish, etc., excite (he sensibility 

^^^^V of the mucous membrane, which must be distinguished from the perception 



THE SENSE OF SIGHT. 

The Eyeball. The eyeball, or oi^n of vision, is situated within the 
orbital cavity, and loosely held in portion by Ihe fibrous capsule of Tenon. 

rests upon a cushion of fal, which never disappears, except in cases oF 

treme starvation; it is protected from injury by the bony orlutal walls, 

id is so situated as to permit an extensive range of virion. 

Blood vessels and Nerves. The structures of the eyeball are sup- 
plied with blood by the ciliary arteries, which pierce the posterior snrface 

ound the optic nerve. 

The Ciliary ox Ophthalmic ganglian, about the size of a pin's head, 
ritunted in Ihe posterior portion of the orbital cavity, receives filaments of 
from the trifacial or 51I1 nerve, the motor oculi or 3d nerve. 



(t the sympDthdic. From its anterior portion are given off the ciliary 
ea, which ealer theball posteriorly and are distributed to the structures 
hich it is composed- 
Structure. The form of the eyeball is that ofaspherj; it is about 
one indi in the transyersediamcler, and a hitlelonger in the anlero- posterior 
diameter, on account of its haviog the segmeat of a smaller sphere insetted 
into the anterior surface. It is composed of 3 coats ; in its interior is con- 
tained the refracting apparatus. 

The Sclerotic and Cornea tc^ether form the external coat of the eye; 
the former covering the posterior J, Ihe latter covering the anterior ^. 
The aeletolic is a dense, opaque, fibrous membrane, varying in thickness 
from the ^ to the ^ of an inch ; it is composed of connective tissue and is 
slightly vasculu'. Posteriorly it is continDous with the sheath of the optic 
nerve, and is pierced by that nerve, us well as by the ciliary vessels and 
nerves; anteriorly its fibres become quite pale, and after passing into the 
cornea, transparent. It is a protective coveriog, and gives altacbmeni to 
Ihe tendons of the muscles by which the eyeball is moved. 

The Comia is a non-vascular, transparent membrane, composed for the 
most part ofconoeclive tissue in which are contained stellate corpuscles filled 
with a clear fluid. It is covered anteriorly by the basement membrane of 
Ihe conjunctiva, upon which rests several layers of epithelial cells; pos- 
teriorly it is lined l)y the membrane of Descemel, which is reflected on to 
the anterior surface of the iris. 

The Choroid, the Iris, the Citiaiy Muscle and Ciliary PraceaseB, 
together constitute Ihe middle coat of the eye. 

The Ciarnid coat, about the j\, of an iQch in thicltness, is both a vas- 
cular and pigmentary membrane; il is of a daric brown color externally, 
and of a deep black internally. 

The outer portion is made up of a rich network of vessels, the branches 
of the ciliary arteries and veins; the inner portion, the pigmentary layer, 
is a delicate membrane lined by hex^onal cells, containing black pigment. 

The FunelioH of the choroid is mainly to absorb the rays of light which 
I pass through the retina, and thus prevent them from interfering with the 
I distinctness of vision by being again reflected upon the retina. 

Tht Irk\%^ circular, muscular diaphragm, placed in the anterior por- 
tion of the eye, and perforated a little to the nasal side of the centre by a 
circular opening, the pupil ; it is attached tiy its periphery to the point of 
junction of the sclerotic and cornea. It is composed of a connective lissu 
stroma, blood vessels and nou-striated muscular fibres, circular and radial 



1 



^^^pai 



ing. The drctilar fibres £urrauad the mai^n of the pupil like a Sphincter, 
and axe controlled by the 3d pair of nerves; the radiating fibres (dilators 
of Ihe pupil] radiate from the centre toward its cireum fere nee, and are 
controlled by the sympathetic system of nerves. 

The CUia'ty muscle is a peyish circular band, consisting of unstriped 
muscular fibres, about one-eighth of an inch long, running from before 
backward ; beneath the radiating libres are small bands of circular fibres 
running around the eye. Tl arises from thelineof junction of the sclerotic, 
cornea and iris ; passing backward it is altached to the outer surface of 
the choroid ; It is the principal agent in aecommodation, and innervated by 
the 3d pair of nerves. 

The Retina forms the internal coat of the eye ; in the fresh slate it is a 
delicate, transparent membrane, but soon becomes opaque and a pinkish 
tint; it extends forward almost to the ciliary processes, where it terminates 
in the ara serrala. In the posterior portion of the retina, at a point cor- 
responding to the axis of vision, is a rounded, elevated, yellow Spot, the 
liinbus laleus, having a central depression, the fovea cenlralis ; about ^^ 
of an inch to the inner side is (he point of entrance of the optic nerve, 
where it spreads ont to assist in the formation of the retina. The arl/ria 
ctntralii riliaa pierces the optic nerve near the sclerotic, runs forward in 
its substance and is distributed in the retina as far forward as the ciliary 
processes. 

The Retina consists of nine distinct layers, from within outward, sup- 
ported by connective tissue. I. Membrana limitans interna, j. Fibres 
of optic nerve. 3. Layers of ganglionic corpuscles. 4. Molecular layer. 
5. Internal granular layer. 6. Molecular layer. 7. External granular 
layer. 8. Membrana limitans externa. 9. Layer of rods and cones. 

In the fovea «nira/if,ntthepointof most distinct vision, all of ihelayers 
disappear except the layer of rods and cones, which become somewhat 
longer and more slender. 

The Aquious humcr is a clear fluid, alkaline in reaction, occupying the 
anterior chamber of the eye; this chamber is bounded in front by the 
cornea, posteriorly by Ihe iris. 

The Vitreous humor forms about four-fifths of the entire ball. It sup- 
ports the retina, and is excavated anteriorly for the reception of the lens; 
it is transparent, of a jelly-like consistence, and surrounded by a 
less, transparent membrane, the hyahid membrane. 

The Cryslallint lais is situated immediately behind the pupil, i 
lly of Ihe vitreous humor. It is inclosed in a highly elastic, I 
parent membrane, the la/suli. The lens is a transparent, (loubly-c< 




body, J^ of nn inch Iransversely, J^ "f *" '"'''' antero-postetiorly; it is 
n position bj tlie susffiuory ligament, rnmied b^ a splitting of the 
hyaloid tuoic, the external layer of which passes in front of the lens, the 
internal layer behind it. 

Vision. The eye may be regarded as a camera obicura, in which 
images of external objects are thrown upon a screen, the retina, hy means 
of a double convex lens. 

The Essential Conditions for proper vi^oii are: I. Certain refract- 
ing media, e. g., cornea, aqueous humor, and crystalline lens, by which 
the rays of light are so disposed as to fonn an image. 2. A diaphragm, 
the iris, which, by alternately contracting and dilating, increases or dimin- 
ishes the amount of light entering the eye. 3. A sensitive surface, to 
receive the image and transmit the luminous impressions through the optic 
nerve to the brain, 4. A contTHCtile slmcture, the ciliary muscle, which 
can so matiipulate the lens as to enable external objects to be seen at near 

The Refracting; Apparatus, by which parallel rays of light are brought 
to a focus on the retina, conHsts mainly of the crystalline lens, though 
aided by the cornea and aqueous humor. A ray of light passing Ihrougb 
the pupil is refracted and concentrated by the lens at a. given point pos- 
terior to it. For the correct perception of images of external objects, the 
rays of light must be accurately focused on the retina ; in order thai tliis 
may be accomplished, the lens must have a Certain density and a proper 
curvature of its surfaces. When the lens is too convex, its refracting 
power is greatly increased, the rays of light are brought to a focus in front 
of the retina, and the visual perception becomes dim and confused. When 
it is too flat, the rays are not focused at all, and the resulting perception is 
the same. 

The Crystalline lens, therefore, produces a distinct perception of the 
outline and form of external objects. 

Action of the IriB, The iris, consisting of contracting and dilating 
fibres, transmits and regulates the quantity of light pa.>>sing through its 
central aperture, the pupil, which is necessary for distinct vision. 

If the light be too intense or eices^ve,the circular fibres contract under 
the stimulos of the 3d pair of nerves, and the aperture is diminished in size; 
if the quantity of light be iusuflicient, the dilating fibres contract under the 
stimulus of the sympathetic, and the pupillary aperture is increased in size. 

The Retina, which is formed portly by the expansion of the optic 
nerve, and partly by new nervous strncturcs, is the membrane which 
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receives the impressions of light, lis poslerior surface, which is in e 
tact villi (he choroid, and especially the layer of rods 
sensitive porlion, in which the rays of light produce their effects. 

The psitit of most distinct vision is in the macula lutea, and especially 
in its central depression, Ihe fovea, which corresponds lo the central axis 
of the eye ; it is situated about ^th of an inch to Ihe outside of the 
entrance of the optic nerve. It is at this point that images of external 
objects are seen most distinctly, while all around it the perceptioi 
more or less obscure ; at the macula all the layers disappear except the J 
layer of rods and cones. 

Blind Spot. At the point of entrance of the optic nerve is a region il 
which the rays of light make no impression, owing to the absence of the 
proper retinal elements; the lihres of the optic nerve being jnsei 
the action of light. 

The roitrst which a ray of light takes is as follows: After passing 
through the cornea, lens, and vitreous humor and the layers of the ri 
it is finally arrested by the pigmentary layer of Ihe choroid \ here it e> 
in the layer of rods and cones some physical or chemical change, which 
is then transmitted to the fibres of the optic nerve, and thence to the brain, 
where il is perceived as a sensation of light. 

The AccominodBtioa of the eye to vision for different dislan 
accomplished by a change in the convexities of the lens, caused by the 
actioD of the ciliary muscle. When the eye is accommodated for visic 
far distances, the structures are in a passive condition and the lens is 
lened ; when it is adjusted for vision at short distances, the convexities of 
the lens are increased. 

When the Ciliary tnuiclt contracts and draws the choroid Coat forward, 
the suspensory ligament is relaxed aud Ihe leus becomes more ci 
virtue of its own elaslicity. 

Optical Defects, Astigmatism is a condition of the eye which pre- 
vents vertical and horizontal lines from being focused at Ihe same lime, 
and is due to a greater curvature of the eye in one direction than another. 

Sfhericol aberration is a condition in which there is an indistlnctnest 
of an image from Ihe unequal refraction of Ihe rays of light passing 
through the circumference and the centre of the lens; it is corrected 
mainly by the iris, which cuts off the marginal rays, and Only transmit! 
those passing through the centre. 

ChrQmatic abtrration, in which the image Is surrounded by a colored 
margin, from the decomposition of the rays of light into their elementarf ^ 
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ports, h corrected by the liiflerent refraclive powers of the Iruuparent 
media in front of the retina. 

Myopia, or skBrl-sightednm, is caused t>y an abnormal increase in the 
antero-po^erior diameter of the eyeball ; the tens being too far removed 
from the retina, forms the image in front of it, and the perception tiecomes 
dim and blurred. Concave glasses correct this defect, by preventing the 
rays from converging too soon. 

Hypermelriipia, o( leng-sighteiiness, is caused by a shortening of the 
antero- posterior diameter; the lens consequently focuses the rays of light 
behind the retina. Comitx glasses correct this defect, by conveiging the 
rays of light more anteriorly. 

Prisbyopia is a loss of the power of accommodation of the eye lo near 
objects, and usually occurs between the ages of 40 and 60 ; it is remedied 
by the use of a convex eye-glass. 

Accessory Structures. The muscles which move the eyeball are 
six in number; the superior and inferior recti, the external and internal 
recti, the superior and inferior oblique muscies. The four recti muscles, 
arising from the apex of the orbit, pass forward and are inserted into the 
sides of the sclerotic coat; the suptrior and inferior muscles rotate the 
eye around a horiacnial ai\%-, the exlernal and intimal rotate it around 

The Superior oblique muscle, having the same origin, passes forward to 
the inner and upper angle of the orbital cavity, where its tendon passes 
through a carttlaginoos pulley ; it is then reflected backward and inserted 
into the sclerotic jusl behind the transverse diameter. Its futuHon is to 
rotate the eyeball in such a manner as to direct the pupil downward and 



The Inferior oblique muscle ; 
then passes outward and backv 
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ic inner angle of the orbit and 
backward to be inserted into the sclerotic. Its 
eball and direct the pupil npivari/ and onfwarJ. 
By the associated action of all these muscles, the eyeball is capable of 
performing all the varied and complex movements neceasary for distinct 



The Eyelids, bordered with short, stiff hairs, shade the eye and protect 
it from injury. On the posterior surface, just beneath the conjunctiva, are 
the Meibomian glands, which secrete an oily lluid; it covers the edge of 
the lids and prevents the tears from flowing over the cheek. 

The Lachrymal Glands are ovoid in shape and situated at ibe upper 
part of the orbital cavity ; they open by from six to eight ducts 
;r portion of the upper lids. 



i 

^^^^H Th« Teari, secreted by ihe lachrymal glands, are distributed 
^^^^H corDCB by the lids during the act of winking, and keep it moist and free 
^^^^H frum dial. The excess of tears parses into the laclitymal ducts, which 
^^^^^H begin by two minute oriGces, one on Each lid, at the inner cantlius. They 
^^^^^■^ conduct the tear? into the nasa.1 dud, and so into the nose. 



THE SENSE OF HEARING. 
The Organ of Hearing is situated in the petrous portion of the tem- 
lornl bone, and is divided into three portions, \\i : the externa,! ear, the 
middle ear and the internal ear. 



The Extemal Ear consists of two portions, the pinna or auricle, and 
the external auditory canal. The/i/mitr, consisting of cartilage, which is 
irregularly folded and covered by integament, is united to the side of the head 
by ligaments and muscles ; the la/ltr, partly cartilaginous and partly bony, 
is about one and a quarter inches in length ; it runs downward and forward 
from the concha to the middle ear, and is lined by a reflection of the gene- 
ral integument, in which is lodged a number of glands, H-hich secrete the 
cerunten. 

TUe /iirtiliBn of the external ear is to collect the waves of sound coming 
from all directions and to transmit them to the membrana tympani. 

The Middle Ear or Tympanum is an irregularly shaped cavity, 
narrow from side to side, but long in its vertical and antero-posterior 
diameters. 

It is separated frotn the external ear by the mtmbrana tympani, and 

from the internal ear by a second mimhratia tympani ; it communicates 

posteriorly with the mastoid cells, anteriorly with the pharynx, through 

I the Eustachian tube. It is lined by mucous membrane, and contains three 

onall bones, forming a connected chain running across its cavity. 

The Membrana tympani is a thin, delicate, translucent membnuie, cir- 
\ cular in shape and measuring about two-Eifths of an inch in diameter; it is 
[ received into a delicate ring of bone, which in the adult becomes consoli- 
[ dated with the temporal bone ; it is concave externally and situated ob- 
liquely, inclining at an angle of 45 degrees. 

The membrane consists of three layers; Ihe outer is formed by a reflec- 
lion of the integument lining the external auditory canal ; the middle is 
composed of librous tissue, and the internal of mucous membrane. 

The FuailieH of (he membrana tympani is to receive and transmit the 
ivaves of sound to the chain of bones) it is capable of being made tense 
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by the actinn of ihe lensor tjraipani and laxalor tympani muscles, 
so as to vibrate in unison with llie waves of sound in the eilemal suditoiy 
meatus. When Ihc membrane is relaxed, its vibrations have a greater 
amplitude, and it appreciates sounds of a low pilch. Wlien it is made 
tense it vibrates less forcibly and appreciates sounds of a high pilch. 

The Chain of bants is formed by the malleus, incus and stapes, united 
together by ligaments. The malleus consists of a head, neck and handle, 
of which the latter is attached to the inner surface of the membrana tym- 
pani. The iacia, ot anvil bone, articulates with the head of the malleus 
by a capsular joint, and willi the stapes by the end of its long process. 
The stapi! resembles a stirrup in shape ; it articulates eitemally with the 
long process of the incus, and internally its oval base is applied to the 
edges of the foramen ovale. 

The Function of the chain of bones is to transmit the waves of sound 
across Ihe tympanum to the internal ear; being surrounded by air, and 
acting as a solid rod, they prevent the vibrations from losing but lillle in 
intensity. 

The Tenser lympani miisclt arises mainly from the Cartilaginous part 
of the Eustachian tube ; it then passes backward into the tympanic cavity, 
where it bends at a right angle around a process of bone, and is inserted 
into the root of the handle of the malleus. Its funditm is to draw Ihe 
handle of the malleus internally, and thus increase the tension of Ihe 
membrana lympani, so as to make it capable of vibrating with sounds of 
greater or less intently ; at Ihe same lime it tightens the joints of the 
chain of bones, so that they may the belter conduct waves of sound to Ihe 
internal eat, with hut a slight toss of intently. 

T\ii Laxalor lympani muscle, arising from the spinous process of the 
sphenoid bone, passes backward through the Glasserian fissure, into the 
tympanic cavity, and is inserted into the neck of the malleus. Its /un'c/ian- 
is to draw Ihe handle of the malleus outward, and so relax the membrana 
lympani, and enables it to receive waves of sound of greater amplitude 
than when it is tense. 

The Stafedhts mmcie, emerging from the cavity of the pyramid of bone 
projecting from the posterior wall of the tympanum, is inserted into the 
head of the stapes bone, lis Junction is to draw the stapes backward, 
preventing too great movement of the bone, and at the same time relaxing 
the membrana tympant. 

The Eustachian lube, by means of which Ihe middle ear communicates 
with the pharynx, is partly bony and partly cartilaginous in its structure, 
half inches in length ; commencing at its opening in 



the pharynx, it passes upward and oatward lo (he spine of the sphenoid 
bone, where it ie slightly conlmcted ; it then gradually dilates as it passes 
backward into the tympanic cavity. It is lined by mucous membrane, 
which is continued into the middle ear and into the mastoid cells. 

The Eustachian tube permits the passage of air from the pharynx into 
the middle ear ; in this way the pressure of the air within and without the 
membrana tympani is equalised, which is one of the essential conditions 

By clo^ng the mouth and nose, and blowing ODi the cheeks, air can be 
forced into the middle ear, proJucing undue pressure, and bulging out of the 
membrana tympanii by making an effort at swallowing, with the mouth 
and nose closed, the air in the tympanum can be rarefied and the tympanic 
membrane will be pressed in. In both such cases the acutenesa of hearing 
is very much diminished. 

The pharyngeal oriiice of the Eustachian tube is opened by the action of 
certain of the muscles of deglutition, v'u : the levator palati, tensor palati, 
and at times the palato-pharyngei muscles. 

The Internal Bar, or Labyrinth, is located in the petrous portion of 
the temporal bone, and consists of an osseous and membranous portion. 

The OaaeouB Labyrinth is divisible into three parts, viz: the vestibule, 
the semi-circular canals, and the cochlea. 

The VtslituU is a small, triangular cavity, which communicates with 
the middle ear by the foramen ovale ; in the natural condition it is closed 
by the base of the stapes tione. The filaments of the auditory nerve enter 
the vestibule through small foramina in the inner wall, at the fovea hemi- 

Thc Semi-circular /-anals aie three in number; the superior vertical, 
the inferior vertical and the horiiontal, each of which opens into the cavity 
of the vestibule, by two openings, with the exception of the two vertical, 
which at one extremity open by a common orifice. 

The Cochlia fonns the anterior part of the internal ear. It is a gradu- 
ally tapering canal, about one and a half inches in length, which winds 
spirally around a central axis, the modioliu, two and a half times. The 
interior of the cochlea is partly divided into two passages by a thin plate of 
bone, the lamina osseous spiralis, which projects from the central axis two- 
thirds across the canal. These passages are termed (he scala vtstibuU and 
'He seala lympaiti, from their communication with the vestibule and tym. 
Um. The scala tympani communicates with the middle ear through 
ftramcn relUHdum, which, in the natural condition, is closed by (he 



,n opening, Ihe 

The whole interior of the iBbyrinth, the vestibule, the semi- circular 
canals, ami the scala. of the cochlea, contains a clear, limpid fluid, the 
/m-Zi'BT/ A, secreted by the periosteum lining the osseous walla. 

The Membranous Labyrinth corresponds lo the osseous labyrinth 
ilh respect lo form, though somewhat smaller in size. 

The Vestiiular portion consists of two small sacs, the ulriclt a.nAsai:culi. 

The Stmi-cinular canals communicate with the utricle in the same 

the bony canals communicate with the vestibule. The sacculf 

with the membranous cochlea by the canalis reuniens. In 

Ihe interior of the utricle and saccule, at the entrance of the auditory 

nerve, are small masses of carbonate of lime crystals, constituting the 

elBlUks. Their function is unknown. 

The Mfmbranous cochlia is a closed tube, commencing by a blind 
eilremity at Ihe first turn of the cochlea, and terminating at its apex by a 
blind extremity also. It is siluated between ihe edge of thcoiimaj lamina 
spiralis and the outer wall of the bony cochlea, and follows it in ila turns 
around the modiolus. 

A transverse section of the cochlea shows (hat il is divided into two 
portions by the osseous lamina and the basilar membrane : 1. The ifo/i 
vtsliiuli, bounded by the periosteum and membrane of Reissner. 2. The 
scala lymfani. occupying the inferior portion, and bounded above by the 
septum, composed of the osseous lamina and the membrana basilaris. 

The true mimirnHam canal is situated between the membrane of Reiss- 
ner and the basilar membrane. It is triangular in shape, but is partly 
divided into a triangular portion and a quadrilateral portion bytheftrfoWo/ 
membrane. 

The Organ of Corti is situated in the quadrilateral portion of the canal, 
and consists of pillars or rods, of the consistence of cartilage. They are 
arranged in two rows ; one internal, the other externa! ; these rods rest 
upon the basilar membrane ; their bases are separated from each other, but 
their upper extremities are united, forming an arcade. In the internal row 
it is estimated there are about 3500, and in the eKtemal row about 5300 of 
these rods. 

On the inner side of the internal row is a single layer of elongated hair 
cells i on the outer surface of the external row are three such layers of 
hair cells. Nothing definite is known as to their function. 

The Endolymph occupies the interior of the utricle, saccule, membranous 
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fiGanals, and bathes the structures in the interior of the membranous cocUMi 

The Auditory Nerve at the bottom of the internal auditory mealua 
o ( I ) a veaibular branch, which is distributed to the utricle a.nd 
li-circutai canak; (2) a cochlear bmtich, which posses into tlie central 
axis U its base, and ascen^ls to its apex ; as it ascends, fibres arc given off, 
which pass between the plates of the osseous lojniua, to be ultimatel3' con- 
nected with the organ of Corti. 

The Fan(/ion of the semi-circular canals appears to be to assibt in main- 
laining the equilibrium of the body ; destruction of the vertical canal is 
followed by an oscitlalion of the head upward and downward; destruc- 
tion of the horizontal canal is followed by oscillations from left to right. 
When the canals are injured on both sides, the animal loses the power of 
maintaining equilibrium upon making muscular movenienta, 

FuHclion of lie Ccehlia. It is regarded as possessing the power of 
appreciating the quality of pitch and the shades of different musical tones. 
The elements of the orgau of Corli are analogous, in some respects, to 
a musical instrument, and are supposed, by Helmholtz, to be (uned hj as 
10 vibrate in unison with the different tones conveyed to the internal ear. 

Summary. The waves of sound are gathered It^ether by the pinoa 
and external auditory meatus, and conveyed lo the niembrana tympani. 
This membrane, made tense or lax by the action of the tensor lympani 
and laialor tympani muscles, is enabled to receive sound waves of either 
a high or low pitch. The vibrations are conducted across the middle ear 
by the chain of bones to the foramen ovale, and by the column of ajr of 
the tympanum to the foramen rotundam, which is closed by the second 
membrana tympani; the pressure of the air in the tympanum being regu- 
lated by the Eustachian tube. 

The internal ear finally receives the vibrations which excite vihralions 
successively in the perilymph, the walla of the membranous labyrinth, the 
endolymph, and, lastly, the terminal Rlamenls of the auditory nerve, by 
■ which they are conveyed to the brain. 

^^^ and 
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VOICE AND SPEECH. 

The Larynx is the organ of voice. Speech is a mollification of voice, 
and is produced by the teeth and the muscles of the lips and tongue, 
COSrdinaled in their action hy stimuli derived from the cerebrum. 

The Structures entering into the formation of the larynx are mainly 
, Ihe thyroid, irieaid and arylmaid cartilages; they arc so situated and 
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united by means of ligaments and muscles as to form a firm cartilaginous 
box. The Larynx is covered externally by fibrous tissue and lined inter- 
nally with mucous membrane. 

The Vocal Cords are four ligamentous bands, running antero-posteri- 
orly across the upper portion of the larynx, and are divided into the two 
superior or false vocal cords, and the two inferior or true vocal cords ; 
they are attached anteriorly to the receding angle of the thyroid cartilages 
and posteriorly to the anterior part of the base of the arytenoid cartilages. 
The space between the true vocal cords is the rima glottidis. 

The Muscles which have a direct action upon the movements of the 
vocal cords are nine in number, and take their names from their points of 
origin and insertion, viz : the two cricothyroid^ two thyro-arytenoid, two 
posterior crico-arytenoid, two lateral crico- arytenoid ^ and one arytenoid 
muscles. 

The crico-thyroid muscles, by their contraction, render the vocal cords 
more tense by drawing down the anterior portion of the thyroid cartilage 
and approximating it to the cricoid, and at the same time tilting the 
posterior portion of the cricoid and arytenoid cartilages backward. 

Th^ thyro-arytenoid, by their contraction, relax the vocal cords by draw- 
ing the arytenoid cartilage forward and the thyroid backward. 

The posterior crico-arytenoid muscles, by their contraction rotate the 
arytenoid cartilages outward and thus separate the vocal cords and enlarge 
the aperture of the glottis. They principally aid the respiratory move- 
ments during inspiration. 

The lateral crico-arytenoid muscles are antagonistic to the former, and 
by their contraction rotate the arytenoid cartilages so as to approximate 
the vocal cords and constrict the glottis. 

The arytenoid muscle assists in the closure of the aperture of the glottis. 

The inferior laryngeal nerve animates all the muscles of the larynx, 
with the exception of the crico-thyroid. 

Movements of the Vocal Cords. During respiration the move- 
ments of the vocal cords differ from those occurring during the production 
of voice. 

At each inspiration^ the true vocal cords are widely separated, and the 
aperture of the glottis is enlarged by the action of the crico-arytenoid 
muscles, which rotate outward the anterior angle of the base of the aryte- 
noid cartilages ; at each expiration the larynx becomes passive ; the 
elasticity of the vocal cords returns them to their original position, and the 
air is forced out by the elasticity of the lungs and the walls of the thorax. 
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PhonalitiH. As soan as phonatian is about to be accontpliahed a maHced 
change in the glottis is noticed with the aid of the laryngoscope. The 
Inie vocal cards suddenly become approximated and are made parallel, 
giving to the glottis the appearance of a nairow slit, the edges of which 
are capable of vibrating accurately and rapidly; at the same time their 
tension is much increased. 

With the vocal cords thus prepared, the expiratory muscles force the 
column of air into the lungs and trachea through the glottis, throwing the 
edges of the cords into vibration. 

The/iV<:4 of sounds depends upon the extent to which the vocal eords 
are made tense and the length of the aperture through which the air 
passes. In (he production of sounds of a high pitch the tension of the 
vocal cords becomes very marked, and the glottis diminishes in length. 
When grave sounds, having a low pitch, are emitted from the larynx, the 
vocal cords are less tense and their vibrations are large and loose. 

The quality of voice depends upon the length, siie and thickness of the 
cords, and the size, form and construction of the trachea, larynx and the 
resonant cavities of the pharynx, nose and mouth. 

The compass of the voice comprehends from two to three octaves. Th« 
range is different in the two sexes; the lowest note of the male being about 
one octave lower than the lowest note of the female ; while the highest 
note of the male is an octave less than the highest of the female. 

The varieties of voices, t. g., bass, baritone, tenor, contralto, meiio 
soprano and soprano, arc due lo the length of the vocal cords; being 
longer when the voice has a low pitch, and shorter when it has a high pitch. 

Speech is the faculty of expressing ideas by means of combination of 
■ounds, in obedience to the dictates of the cerebrum. 

Articulate sounds may be divided into voiuels and consottants. The 
vowel sounds, a, e, i, o, u, are produced in the larynx by the vocal cords. 
The ctmsonanlal sounds are produced in the air passages above the larynx 
by an interruption of the current of air by the lips, tongue and teeth ; the 
consonants maybe divided into; (i) mutes, *, rf,*,/,/, c,^,- (i) dentals, 
ii,J,s, t,t; (3) nasals, «, «, ng ; (4) labials, i,/,/, v, m; (S) gutturals, 
t,g,c, »nd^hard; (6) liquids, /, m, a, r. 



t 



REPRODUCTION. 

Reproduction is the function by which the species ia preserved, and is 
accomplished by the ot^ns of generation in the two sexes. 

GENERATIVE ORGANS OF THE FEMALE. 

The Generative Organs of the Female consist of the ovaries, Fal- 
lopian tubes, uterus and vagina. 

The Ovaries are two small, ovoid, flattened bodies, measurinfr one 
inch and a half in length and ihree-quarteis of an inch in width; they are 
siluateii in the cavity of the pelvis, and imbedded in the posterior layer of 
Ibe broad ligament; attached to the uterus by a round ligament, and to 
the extremities of Che Fallopian tubes hy the fimbria. The ovary consists 
of an esletna] membrane of fibrous tissae, the csrlUal portion, in which 
are imbedded (he Graafian v/sid/s, and an internal portion, the s/ronta, 
containing blood vessels. 

The GraaRaii Vesicles are exceedingly numerous, but situated only 
in the cortical portion. Although the ovary contains the vesicles from 
the period of birth, it is only at the period of puberty that Ihey attain tbeir 
full development. From this lime onward lo the catamenial period, there 
is a constant growth and maturation of the Graafian vesicles. They consist 
of an external investment, composed of fibrous tissue and blood vessels, in 
the interior of which is a layer of cells, forming the mfrnirami granitlusa ; 
at its lower portion [here is an accumulation of Cells, the proHgerous disc, 
in which the auiim is contained. The caTtty of the vesicle contains a 
slightly.yellowlsh, alkaline, albuminous Huid, 

The Ovum is a globular body, measuring about the yj^ of an inch in 
diameter; it consists of an external investing membrane, the vittiline 
mimbrant, a central granular substance, the vitellas, or yt!k, a nncleus, 
the germinal visicU, in the interior of which is imbedded the nucleolus, 
or gtrminsl spot. 

The Pallopian Tubes are about four inches in length, and extend 
outward from the upper angles of the uterus, between the folds of the 
broad ligaments, and terminate in a fringed extremity, which is attached 
by one of the fringes to the ovary. They consist of three coats: (i) the 
external, or peritoneal, {2) middle, or muscular, the fibres of which are 
artaneed in a oiiculat or logitudinal direction, (3) interna!, or mucous. 



I. covered with ciliated epithelial cells, which are always waving from the 
f ovary toward the uterus. 

The Uterus is pyriforra in shape, and may be divided into a body 
and neck ; it measures abont three inches in length and two inches in 
breadth in the unimpregnated state. At tbe lower extremity of the neck 
is the OS externum; at the junction of the neck wilh the body is a constric- 
tion, the OS internum. The cavity o! the uterus is triangular in shape, the 
walls of which are almoEl in contact. 

The walls of the nlerus are made up of several layers of non-striated 
muscular fibres, covered exlemally by peritoneum, and lined internally by 
mucous membrane, containing numerous tubular glands, and covered by 
ciliated epithelial cells. 

The Vsgina is a memtiranous canal, from five to six inches in length, 
situated between the rectum and bladder. It extends obliquely upward 
from the surface, almost to the brim of the pelvis, and embraces at its 
upper estremity the neck of tbe uterus. 

Discharge of the Ovum. As the Graafian veacle matures, it in- 
creases in siie, from an augmentation of its liquid contents, and approaches 
the surface of the ovary, where it forms a projection, measurir>g from one- 
fourth to one-half an inch in siie. The maturation of the vesicle occura 
periodically, about every twenty eight days, and is attended by [he phe- 
nomena of menstruation. During this period of active congestion of the 
reproductive oi^ns the Graafian vesicle ruptures, the ovum and liquid 
contents escape, and are caught by the fimbriated extremity of the Fallo- 
pian tube, which has adapted itself to the posterior surface of the ovary. 
The passage of the ovum through the Fallopian tube into the uterus occu- 
pies from ten to fourteen days, and is accomplished by muscular contraction 
and the action of the ciliated epithelium. 

MenstruBtion is a periodical discharge of blood from the mucous 
membrane of the uterus, due to a fatty degeneration of the small blood 
vessels. Under the pressure of an increased amount of blood in the repro- 
ductive organs, attending the process of ovulation, the blood vessels 
rupture, and a hemorrhage takes place into the uterine cavity; thence it 
passes into the vagina, where it is kept in a fluid condition from admixture 
with the vaginal mucus. Menstruation lasts from five to six days, and the 
amount of blood discharged averages about five ounces. 

Corpus Luleutn. For some lime anterior to (he rupture of a Graa- 
lian vesicle, it increases in site and becomes vascular; its walls become 
thickened, from ihe deposition of a reddish-yellow, glutinous substance, a 
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inulosa. After the ovum Escapes, there is usually a small efliisian of 
blood into the cavity of the follicle, which soon coagulate?, loses its coloring 
matter, and acquires the characteristics of fibrin, bnt it takes no part in the 
formation of the corpus Inteutn. The walls of the follicle become convo- 
luted, vascular, and undergo hypertrophy, until they occupy the whole of 
the follicular cavity. At its period of fullest development, the corpus 
luleum measures three-fourths of an inch in length and one-half inch in 
depth. In a few weeks the mass loses its red color, and becomes yellow, 
constituting the ci>»^(u /«/sum or _K'//''™ *0'6'. It then begins to retract, 
and becomes pale ; and at the end of two months nothing remains but a 
small cicatrix upon (he surface of the ovary. Such are the changes in the 
follicle, if tiie ovum has not been impregnated. 

The corpus luteum, after impregnation has taken place, undergoes a much 
slower development, becomes lai^r, and continues during the entire 
period of gestation. The differences between Ihe corpus luteum of the 
unimpregnated and pregnant condition is expressed in the following tabic 
by Dalton : — 
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^^^H The Generative Organs of the Male consist of the testicles, vasa 
^^^^^ deferentia, vedcul[e semiuales and penis. 

P The Teatictes, the essential organs of reproduction in the male, are 

two oblong glands, about an inch and a half in length, compressed from 
side to side, and situated in the cavity of the scrotum, 
I The proper coat of the testicle, the tuniva aiiugiHta, is a while, fibrous 

stnictiire, about the ^ of an inch in thickness ; after enveloping the testicle, 
it is reflected into its interior at the posterior border, and ronns a vertical 
process, the mediastinum ttstis, from which s^ta are given off, dividing the 
testicle in lobules. 

The substance of the testicle is made up of the stminifirous tubulfs, 
which exist to the number of S40; they are exceedingly convoluted, and 
when unraveled, are about 30 inches in length. As they pass toward the 
apices of the lobules they becooie less convoluted and terminate in from 20 
to 30 straight dncts, the vasa recta, which pass upward through the mediat- 
linum and constitute the rele lesiis. Al the upper part of the mediaslinura 
the tubules unite to form from 9 to 30 small ducts, the jiojb ^rrrmAu, which 
become convoluted, and form the globus major of the epididymis ; the 
coDtinuBtion of the tubes downward behind the testicle and a second con- 
volution constitutes the lipdy and gielius minor. 

The seminal tubule consists of a basement membrane lined by granular 
nucleated epithelium. 

The Vaa Deferens, the excretory docl of the testicle, is abont two 
I feet in length, and may be traced upward from the epididymis to the under 

surface of the base of the bladder, where it unites with the duct of the veai- 
cula seminalis, to form the ejaculatory duct. 

The Vesiculte Seminalca are two lobulatcd, pyriform bodies, about 
two inches In length, situated on the under surface of the bladder. 

They have an external fibrous coat, a middle muscular coat, and an In- 
lemal mucous coat, covered by epithelium, which secretes a mucous fiuid. 
The vesiculiE seminales serve as reservoirs, in which the seminal Quid a 
temporarily stored up. 

The Ejaculatory Duct, about }^ of an Inch in length, opetii into the 
tlrethra and is formed by the union of the vasa deferenlia and the ducu of 
the vesiculEe seminales. 

The Prostate Qland surrounds the posterior extremity of the urethra, 
nto it by from twenty to Ihitty openiogs, the orifices of the /mi- 
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latie luiules. Tbe gland secretes a Huid which Tonns part of the semcD, 
ainlaining ihe vitality of llie spermatozoa. 
Bemen is a complex Huid, made up of the secretionE (rom the lesticles, 
the vesicul^ setninales, the prostatic and urethral glands. Il is greyish- 
while in color, mucilaginous in consistence, of a characleristic odor, and 
somewhat heavier than water. From half a drachm to a drachm is 
ejaculated at each orgasm. 

The Spermatozoa are peculiar anatomical elements, developed within 
the seminal tubules, and possess the power of spontaneous movement. 
The spermatozoa consist of a conoidal head and a long fdamenlous tail, 
which is in continuous and active motion ; as long as they remain in the 
Tas deferens they are quiescent, but when free to move in the fluid of Ihe 
vesicula! seminales, become very active. 

Origin. The spermatozoa appear at the age of puberty, and are then 
constantly formed until an advanced age. They are developed from the 
nuclei of large, round cells, contained in the interior of the seminal 
tubules, as many as fifteen to twenty developing in a single cell- 
When the spermatozoa are introduced into the vagina, they pass readily 
into Ihe uterus and through the Fallopian tubes toward the ovaries, where 
they remain and retain their vitality for a period of from S to lO days. 

Fecundation is the union of the spermatozoa with Ihe ovum during its 
passage toward the uterus, and usually takes place in the Fallopian tube, 
just outside of the womb. After floating around the ovum in an active 
manner, they penetrate ihe vitelline membrane, pass into ihe interior of Ihe 
'l^lhis, where they lose their vitality, and along with the germinal ve^cle 
irely disappeai. 



DEVELOPMENT OF ACCESSORY STRUCTURES. 

Segmentation of Ihe Vitcllus. After the disappearance of Ihe 
qwrmatozoa and ihe germinal vesicle there remains a transparent, granular, 
albuminous substance, in the centre of which a new nucleus soon appears ; 
this constitutes Ihe /flr(»/ cc//, and is the first st^e in the developmenl of 
the new being. 

Following this. Ihe vitellus undergoes segmenlalion ; a constriction 
appears on the opposite sides of Ihe vitellus, which gradually deepens, 
until the yelk is divided into two segments, each of which has a distinct 

icleus and nucleolus; these twos^menls undergo a further division into 
four, the four into eight, the eight into sixteen, and so on, until the entire 



r is divided into a great number of cells, each of which contains » 
iBuchius and nucleolus. 

The peripheral cells of this " mulbeny mass " then arrange themselves 

3 form a membrane, anJ as they are subjected to mutual pressure, 

! a polyhedral shape, which gives tu the membrane a mosaic appear- 

■.■nce. The central part of the vilellus becomes filled with a clear fluid. 

' — condary membrane shortly appears within the first, and the two 

together conslitule the external and internal blastodennic membranes. 

Genninal Area. At about this period there is an accumulation of 
cells at a certain spot upon the surface of the blastodermic membranes, 
which marks the position of the future embryo. This spot, at first circular, 
toon becomes elongated, and forms \\ie primilivc trace, around which is a 
clear space, the arta pelludda, which is itself surrounded by b darker 
r^ion, the area apaca. 

The primitive trace soon disappears, and the area pellucida becomes 
gnitar-shaped ; a new groove, the mtdtUtary gromif, is now formed, which 
develops from before backward, and becomes the neural can.il. 

Blastodennic Membranes. The embryo, at this period, consists of 
three layers, viz: the external and internal blastodermic membranes, and 
a middle membrane formed by a genesis of cells from Iheii internal sur- 
faces. These layers are known as the epiblast, mcsoblast and hypoblast. 
The Epiblast gives rise to the central nervous system, the epidermis of 
the skin and its appendages, and the primitive kidneys. 

The Mesgblast gives rise to the dermis, muscles, bones, nerves, blood 
vessels, sympathetic nervous system, connective tissue, the urinary and 
, reproductive apparatus and the walls of the alimentary canal. 

The ffypobtast gives rise to the epithelial lining of the alimentary canal 
ind its glandular appendages, the liver and pioncreas, and the epithelium 
^ cf the respiratory tract. 

Dorsal Lamince. As development advances, the true medullary groove 

' deepens, and there arise two longitudinal elevations of the epiblast, the 

dorsal lamitta, one on either side of the groove, which grow up, arch 

over and unite so as to form a closed lube, the primitive central nervous 

The Chorda Dorsalia is a cylindrical rod running almost throughout 

the entire length of the embryo. It is formed by an aggregation of meso- 

blastic cells, and situated immediately beneath the medullary groove. 

Primitive Vertebra. On either tide of the neural canal the cells of 

L the mcsoblast undergo a longitudinal thickening, which develops and 
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extends around the neural canal and the chorda dorsalis, and forms the 
arches and bodies of the vertebrae. They become divided transversely 
into four-sided segments. 

The Mesoblast now separates into two layers; the external, joining with 
the epiblast, forms the somatopleure ; the internal, joining with the hypo- 
blast, forms the splanchnopleure ; the space between them constituting the 
pUuro-peritonecU cavity. 

Visceral Laminae. The walls of the pleuro -peritoneal cavity are 
formed by a downward prolongation of the somatopleure (the visceral 
lamincs)j which, as they extend around in front, pinch off a portion of the 
yelk sac (formed by the splanchnopleure), which becomes the primitive 
alimentary canal; the lower portion, remaining outside of the body cavity, 
forms the umbilical vesicle, which after a time disappears. 

Formation of Foetal Membranes. The Amnion appears shortly 
after the embryo begins to develop, and is formed by folds of the epiblast 
and external layer of the mesoblast, rising up in front and behind, and on 
each side ; these amniotic folds gradually extend over the back of the 
embryo to a certain point, where they coalesce, and enclose a cavity, the 
amniotic cavity. The membranous partition between the folds disappears, 
and the outer layer recedes and becomes blended with the vitelline mem- 
brane, constituting the chorion, the external covering of the embryo. 

The AUantois. As the amnion develops, there grows out from the 
posterior portion of the alimentary canal a pouch, or diverticulum, the 
allantois, which carries blood vessels derived from the intestinal circula- 
tion. As it gradually enlarges, it becomes more vascular, and inserts 
itself between the two layers of the amnion, coming into intimate contact 
with the external layer. Finally, from increased growth, it completely 
surrounds the embryo, and its edges become fused together. 

In the bird, the allantois is a respiratory organ, absorbing oxygen and 
exhaling carbonic acid ; it also absorbs nutritious matter from the interior 
of the egg. 

Amniotic fluid. The amnion, when first formed, is in close contact 
with the surface of the ovum ; but it soon enlarges, and becomes filled 
with a clear, transparent fluid, containing albumen, glucose, fatty matters, 
urea and inorganic salts. It increases in amount up to the latter period of 
gestation, when it amounts to about two pints. In the space between the 
amnion and allantois is a gelatinous material, which is encroached upon, 
and finally disappears as the jpnnion and allantois come in contact, at 
about the fifth month. 

J 
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The Chorion, the exlernal investment of the etnbiyo, is fonned hj tf 
fusion of the original vitelline membrane, the external layer of the ai 
and the allantois. The exlemal surface now becomes covered with viUouS' J 
processes, which increase in number and siie by the continual budding 1 
and growth of club-sbaped processes from the main stem, and give Ic 
chorion a slii^gy appearance. They consist of a homogeneous granular I 
matter, and are penetrated by branches of the btuod vessels derived from _j 
the aorta. 

The presence of villous processes in I 
of the previous existence of a fcetus. 
chorion, and are found under no other 

At about the end of the second month the viUosities begin to atrophf ' 
and disappear from the surface of the chorion, with the exception of Ihos 
situated at the points of entrance of the ftetal blood vessels, which occupjTj 
about one-third of its surface, where they continue to grow longer, bei 
more vascular, and ultimately assist in the formation of the placenta; the" 
remaining two-thirds of the surface 
becomes a simple membrane. 

The Umbilical Cord connects the fo:lus with that portion of the 
chorion which forms the fretal side of the placenta. It is a process of the 
allantois, and contains two arteries and a vein, which have a more or lesa 
spiral direction. It appears at the end of the first month, and gradually ■ 
increases in length, until at the end of gestation it measures about 2<9i 
inches. The cord is also surrounded by a process of thi 

Development of the Decidual Membrane. The interior of the 
utenlE is lined by a thin, delicate mucous memlirane, in 
bedded immense numbers of tubules, terminating in blind 
Htfrint tubulii. At each period of menstruation the mucous membrane 
becomes thickened and vascular, which coodilion, however, disappears 
after the usual menstrual discharge. When the ovum becomes fecundated, 
the mucous membrane takes on an increased growth, becomes more hypei 
trophied and vascular, sends up little processes, or elevations from 
face, and constitutes the dtddua vera. 

As the ovum passes from the Fallopian tube into the interior of tb 
uterus, the primitive vitelline membrane, covered with villosities, bccomi 
entangled with the processes of the mucous membrane. A portion of the 
dccidua vera then grows up on all sides, and encloses the ovum, forming 
the deciduB reHexa, while the villous processes of the chorion insert them- 
selves into the uterine tubules, and in the *ucous membrane between them, 









As developmenl adviknces the deci'lua rellexa increases in size, and at 
about the end of the fourth month comes in contael with the decidua vera, 
with which it is uldmately fased. 

The Placenta. Of a!l the embryonic 5<ruciures, the placenta is the 
most important. It begins to be formed lowaids (he end of the second 
month, and (hen increases in size until the end of gestation, when it assumes 
an oval or rounded shape, and measures from 7 to 9 inches in length, 6 (□ S 
inches in breadth, and weighs from IS lo JO ounces. It is most frequently 
aluated at the upper and posterior port of the inner snrfnce of the uterus. 

The placenta consists of two portions, a (aial and a ma(en]a!. 

The Fatal per/ion is formed by the villi of (he chorion, which, by devel- 
oping, rapidly increase in size and number. They become branched and 
penetrate the ateriue tubules, which enlarge and receive their many rami- 
fications. The capillary blood vessels in the interior of the villi also en- 
large and freely anastomose with each other. 

The MattrHal porlioH is formed from that part of the hypenrophied and 
vasculkr decidual membrane between the ovum and the uterus, ihe i/f£i'</»a 
iemtina. As the placenta increases in size, the maternal blood vessels 
around the tubules become more and more numerous, and graduaUy fuse 
Ic^ether, forming great lakes, which constitute sinuses in the walls of the 

As the latter period of gestation approaches, the villi extend deeper into 
the decidua, while Ihe sinuses in the maternal portion become larger and 
extend further into the chorion. Finally, from excessive development of 
the blood vessels, the structures between diem disappear, and as (heir walls 
come in contact, they fuse together, so that, ultimately, (he maternal and 
ri:etal blood are only separated by a thin layer of a homogeneous substance. 
When fully formed, the placenta consists principally of blood vessels inter- 
lacing in every direction. The blood of the mother passes from the ute- 
rine vessels into the lakes surrounding the villi ; the blood from the child 
flows from the umbilical arteries into the interior of the villi ; but there is 
not at any time an intermingling of blood, the two being separated by a 
delicate membrane formed by a fusion of [he walls of the blood vessels 
and the walls of the villi and uterine sinuses. 

The function of ihe placenta is that of a rtspiratety organ, permilling 
the oxygen of the matemal blood (o pass by osmosis through the delicate 
placental membrane into the blood of the fcetus ; at Ihe same time permit- 
ting (he carbonic acid and other waste products, the result of nutritive 
changes in the fcEtus, to pass into the maternal blood, and so to be carried 
to the various eliminating organs. 






lils to unite, there result? the hare-lip deformity, The apace abore the 
landibular arch becomes the month. 
The stcond arch develops the incus and Etapes hones, the styloid process 
and ligament, and the lesser comu of the hyoid bone. The cleft between 
the first and second arches partially closes up, but there remains an open- 
ing at the side which becomes the Eustachian lube, tympanic cavity, and 
external auililory meatus. 
The Ihirii arch develops the body and greater comu of the hyoid bone. 
Alimentary Canal and its Appendages. The alimentary canal is 
formed by a pinching off of the yelk sac by the visceral plates as they 
grow downward and forward. It consists of three distinct portions, the 
I fore gnt, the hind gut, and the central part, which communicates for some 
with the yelk sac. It is at first a straight tulie, closed at both 
s, lying just beneath the vertebral column. The canal giadu- 
1 length, and becomes more or less convoluted; at itt 
r portion two pouches appear, which become the cardiac and 
I pyloric extremities of the stomach. Al about the seventh week (he 
ir extremity of the intestine is brought into Communication with the 
exterior, by an opening, the anus. Anteriorly the mouth and pharyns are 
formed by an involution of epiblast, which deepens until it communicatee 
with the fore gut. 

The Liver appears as a slight protrusion from the sides of the alimen- 
tary canal, about the end of the first month ; it grows very rapidly, attains 
a large siie, and almost fills up the abdominal cavity. The hepatic cells 
ire derived from the intestinal epithelium, the vessels and connective 
tissue from the mesoblast. 

The Pancrias is formed by the hypoblastic membrane. It originates in 
two small ducts budding from the duodenum, which divide and subdivide, 
and develop the glandular structure. 

The LuHgs are developed from the anterior part of the tesophagus. At 
first a small bud appears, which, as it lengthens, divides into two branches ; 
secondary and tertiary processes are given off these, which form the bron- 
chial tnhea and air cells. The lungs originally extended into the abdomi- 
nal cavity, but became confined to the thornn by the devtiopment of the 
diaphragm. 

The Bladder is formed by a dilatation of that portion of the allantois 
remaining within the abtlominal cavity. It is iX first pearshaped, and 
communicates with the intestine, but later becomes separated, and opens 
exteriorly l^ the urethra. It is atlaclicd to the abdominal walls by a 
rounded cord, the urachus, the remains of a portion of the ailanlois. 
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Oenito- Urinary Apparatus. The Wolffian bediti appear about Ihe 
thirtieth day, as long liollow lubes running along each side of Ihe primi- 
tive vertebral column. They are temporary structures, ant! are sometimes 
called the primoriUal kidneys. The Wolffian bodies consist of tubnles 
which run transversely and are lined with epithelium; internally they 
become invaginaled to receive tufls of blood vessels; externally they open 
into a common excretory duct, the duct of the Wolffian body, which unites 
nith the duct of the opposite body, and empties into the intestinal canal 
at a point opposite the allanlois. On (he outer side of the Wolffian body 
there appears another duct, the duct of Mailer, which also opens into the 

Behind the Wolffian bodies are developed the structures which become 
either the ovaries or testicles. In the development of the female, the 
Wolffian bodies and their ducts disappear ; the extremities of the MuUerian 
ducts dilate and form the fimbriated extremity of the Fallopian tubes, while 
Ihe lower portions coalesce to form the body of the uterus and vagina, 
which now separate themselves from the intestine. 

In the development of the male, the Miillerian ducts atrophy, and 
the ducts of the Wolffian body ultimately form the e[Mdidyniis and vas 
deferens. About the seventh month tlie testicles begin to descend, 
and by the ninth month have passed through the abdominal ring into 

The Kidneys are developed out of Ihe Wolffian bodies. They consist of 
lilde pyramidal lobules, composed of tubules which open at the apex into 
the pelvis. As they pass outward they become convoluted and cup-shaped 
at their extremities, receive a tuft of blood vessels, and form the Mal- 
pighian bodies. 

The ureters are developed from the kidneys, and pass downward to be 
connected with Ihe bladder. 

The Circulatory Apparatus assumes three different forms at different 
periods of life, all having reference to the manner in which the embryo 
receives nutritious mailer and is freed of waste products. 

The Vitcllitu circulation appears first and absorbs nutritious material 
from the vitellns. It is formed by blood vessels which emei^e from the 
body and ramify over a portion of Ihe vitelline membrane, constituting the 
ana vasculosa. The heart, lying in Ihe median line, gives ofFlwo arches 
vfhich unite to form ihe abdominal aorta, from which two large arteries 
are given off, passing into the vascular area; the venous blood is returned 
by veins which enter the heart. These vessels are known as the omphslo- 
meMittcrii arttriei and veins. The vitelline circulation is of short dura- 



lion in the mammals, as Ihe supply of nutritious matter in llie vilellus soon 
becomes exliauated. 

The /Va«Bia/£i>tu/oA'flB becomes established when the bloodvessels 
in the allnntois enter the villous processes of the chorion and come into 
close relationship with the maternal blood veasela. This circulation lasts 
during the whole of inlra-uterine life, but gives way at birth lo the adult 
circulation, the change being made possible by the development of the 
circulatiHy apparatus. 

The Htart appears as a mass of cells coming off from the anterior por- 
tion of the intestine ; its central pari liquefies, and pulsations soon begin. 
^ The heart is at firs) tubular, receiving posteriorly the venous trunks and 
t giving off anteriorly the artcnal trunks. Il soon becomes twisted iipoa 
' itself, so that Ihe two eilremities lie upon the same plane. 

The heart now consists of a angle auricle and a single ventricle. A 
septum growing from the apex of the ventricle divides it inlo two Cavities, 
a right and a lefl. The auricles also become partly separated by a septum 
which is |ierforated by the foramen ovale. The arterial trunk becomes 
separated l^ a partition, into two canals, which become, ultimately, Ihe 
aorta and pulmonary artery. The auricles are sepnraled from Ihe ventri- 
cles by incomplete sepia, through which the blood passes inlo the venlrides. 
ATlerici. The aorta arises from the cephalic extremity of Ihc heart and 
Lidivides into two btauches which ascend, one on each side of the intestine, 
} unite posletiorly lo form the main aorta ; posteriorly to these lirst 
ic arches foitr others are developed, so that there are five allogelher 
running along the visceral arches. The two anterior soon disappear. The 
third arch becomes Ihe internal carotid and the estemal carotid; a part 
of the fourth arch, on the right »de, becomes the subclavian artery, and 
rmainder atrophies and disappears, but on the left sde it enlarges 
d becomes the permanent aorta ; the fifth arch becomes ihe pulmonary 
■n the lefl side. The communieadon between the pulmonary artery 
A the aorta, the ductus arliriesus, disappears al an early period. 

lous system appears first as Iwo short, IransverK veins, 
le canals of Cuvier, formed by the union of Ihe vertebral veins and tbc 
rdinal veins, which empty into the auricle. The inferior vena cava is 
ibrmed as the kidneys develop, by Ihe union of the renal veins, which, in 
a short time, receive branches from the lower exlremities. The sub- 
clavian veins join the jugular as Ihe upper extremities develop. The beait 
ilGSCends in the thorax, and the canals of Cuvier become oblique : ihey 
shortly communicale by a transverse duct, which ulllmalety becomes the 
n. The left canal of Cuvier atrophies and becomes a 
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fibrous cord. A transverse branch now appears, which carries the blood 
from the left cardinal vein into the right, and becomes the vena azygos 
minor ; the right cardinal vein becomes the vena azygos major. 

Circulation of Blood in the Foetus. The blood returning from the 
placenta, after having received oxygen, and been freed from carbonic acid, 
is carried by the umbilical vein to the under surface of the liver ; here a 
portion of it passes through the ductus venosus into the ascending vena 
cava, while the remainder flows through the liver, and passes into the vena 
cava by the hepatic veins. When the blood is emptied into the right 
auricle, it is directed by the Eustachian valve, through the foramen ovale, 
into the left auricle, thence into the left ventricle, and so into the aorta to 
all parts of the system. The venous blood returning from the head and 
upper extremities is emptied, by the superior vena cava, into the right 
auricle, from which it passes into the right ventricle, and thence into the 
pulmonary artery. Owing to the condition of the lung, only a small por- 
tion flows through the pulmonary capillaries, the greater part passing 
through the ductus arteriosus, which opens into the aorta at a point below 
the origin of the carotid and subclavian arteries. The mixed blood now 
passes down the aorta to supply the lower extremities, but a portion of 
it is directed, by the hypogastric arteries, to the placenta, to be again 
oxygenated. 

At birth, the placental circulation gives way to the circulation of the 
adult. As soon as the child begins to breathe, the lungs expand, blood 
flows freely through the pulmonary capillaries, and the ductus arteriosus 
begins to contract. The foramen ovale closes about the tenth day. The 
umbilical vein, the ductus venosus, and the hypogastric arteries become 
impervious in several days, and ultimately form rounded cords. 



TABLE OF PHYSIOLOGICAL CONSTANTS. 



Mean height of male, 5 feet 6yi inches ; of female, 5 feet 2 inches. 
Mean weight of male, 145 pounds; of female, 121 pounds. 
Number of chemical elements in the human body; from 16 to 18. 
Number of proximate principles in the human body ; about 100. 
Amount of water in the body weighing 145 pounds; 108 pounds. 
Amount of solids in the body weighing 145 pounds; 36 pounds. 
Amount of food required daily; 16 ounces meat, 19 ounces of bread. 

3^ ounces of fat, 52 ounces of water. 
Amount of saliva secreted in 24 hours; about 3)^ pounds. 

Function of saliva ; converts starch into glucose. 

Active principle of saliva ; ptyalin. 
Amount of gastric juice secreted in 24 hours; from 8 to 14 pounds. 

Functions of gastric juice ; converts albumen into albuminose. 

Active principles of gastric juice ; pepsin and hydrochloric acid. 
Duration of digestion ; from 3 to 5 hours. 
Amount of intestinal juice secreted in 24 hours ; about i pound. 

Function of intestinal juice ; converts starch into glucose. 
Amount of pancreatic juice secreted in 24 hours; about i j^ pounds. 

Active principles of pancreatic juice ; pancreatin and trypsin. 
ri. Emulsifies fats. 
Functions : -j 2. Converts albumen into albuminose. 

1 3. Converts starch into glucose. 
Amount of bile poured into the intestines daily ; about 2^ pounds. 

1. Assists in the emulsification of fats. 

2. Stimulates the peristaltic movements. 

3. Prevents putrefactive changes in the food. 

4. Promotes the absorption of the fat. 

Amount of blood in the body; from 16 to 18 pounds. 
Size of red corpuscles ; si^ of an inch. 
Size of white corpuscles ; -^^is ^^ ^^ inch. 
Shape of red corpuscles ; circular biconcave disks. 
Shape of white corpuscles ; globular. 
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^^^P 14S TABLE 

H Number of red corpuBCles in a cubic miUimetre of blood ( the cubic ^ 
I <.t.nlnth)ii.ooo.a». 

L Function of red corpuscles ; to carry oxygen from the lungs to the tissues. 

^^^^^ Frequency of the heart's pulsations per minute ; 72, an the average, 

^^^^b Velocity of the blood movement in the arteries; about 16 inches per 

^^^^r Length of time required for the blood lo make an entire circuit a( the 

I vascular system ; aljout 20 seconds. 

I Amount of air passing in and out of the lungs at each respiratory act ; 

I from 20 to 30 cubic inches. 

^^^^_ Amount of air that can be taken into the lungs on a forced inspiration ; 

^^^^L no cubic inches. 

^^^^B Amount of reserve air in the lungs after an ordinary expiration; too 

^^^^F cubic inches. 

^^^^ Amount of residual air always remaining in the lungs; about 100 cubic 

Vital capacity of the lungs ; 230 cubic inches. 

Entire volume of air passing in and out of the lungs in 24 hours; about 

400 cubic feet. 
Composition of the air; oilrogen, 79,19, oxygen, 20.81, per 100 parts. 
Amount of oxygeD absorbed in 24 hours ; 18 cubic feeL 
Amount of carbonic acid exhaled in 24 hours ; 14 cubic fei-t. 
Temperature of the human body nt the surface ; 98^° F. 
Amount of urine excreted daily; from 4010 50 ounces. 
Amount of urea excreted daily; 512 grains. 
Specific gravity of urine; from 1.010 to 1. 015. 
Number of spinal nerves ; 31 pairs. 
Number of roots of origin; two; 1st, anterior, motor; 2d, posterior, 

■ Rate of transmisaon of nerve force ; alrout 100 feet per second. 

■ Number of cranial nerves ; 12 pairs. 1 
r f I. Olfactory, or 1st pair. 

3. Optic, or 2d pair. 
Nerves of soecial sense ^' -^"""'"Ti °' 8fi pair. 

4. Chorda lympani for anterior '^ of tongue. 

5. Branches of glosso-pharyngeal or 8th pair, 
L L ''"■ posterior J^ of tongue. 
B Motor nerves to eyeball and accessory structures ; motor oculi, or 3d 
ft pair ; pathetic, or 4th pair ; abducens, or &h pair, 
■ttlolur nerves to facial muscles ; porlio riuia, facial or ylh pair. 
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Motor nerve to tongue ; hypc^lossal or I2th pair. 

Motor nerve to laryngeal muscles ; ^inal accessory or i ith pair. 

Sensory nerve of the face ; trifacial or 5th pair. 

Sensory nerve of the pharynx ; glosso-pharyngeal or 9th pair. 

Sensory nerve of the lungs, stomach, etc.; pneumogastric or loth pair. 

Length of spinal cord ; 16 to 18 inches, weight i^ ounces. 

Point of decussation of motor fibres ; at the medulla oblongata. 

Point of decussation of sensory fibres ; throughout the spinal cord. 

Function of antero-lateral columns of spinal cord; transmit motor 

impulses from the brain to the muscles. 
Functions of the posterior columns; assist in the codrdination of 

muscular movements. 
Functions of the medulla oblongata ; controls the functions of insaliva- 

tion, mastication, deglutition, respiration, circulation, etc. 
Functions of the corpora quadrigemina ; physical centres for sight. 
Functions of the corpora striata; centres for motion. 
Functions of the optic thalami ; centres for sensation. 
Function of the cerebellum ; centre for the codrdination of muscular 

movements. 
Function of the cerebrum ; centre for intelligence, reason and will. 
Centre for articulate language ; 3d frontal convolution on left side of 

cerebrum. 
Number of coats to the eye ; three ; ist, cornea and sclerotic ; 2d, choroid ; 

3d, retina. 
Function of iris ; regulates the amount of light entering the eye. 
Function of crystalline lens ; refracts the rays of light so as to form an 

image on the retina. 
Function of retina ; receives the impressions of light. 
Function of membrana tympani ; receives and transmits waves of sound 

to internal ear. 
Function of Eustachian tube ; regulates the passage of air into and from 

the middle ear. 
Function of semi-circular canals ; assist in maintaining the equipoise 

of the body. 
Function of the cochlea ; appreciates the shades and combinations of 

musical tones. 
Size of human ovum ; y^ of an inch in diameter. 
Size of spermatozoa ; y^ of an inch in length. 
Function of the placenta ; acts as a respiratory and digestive organ for 

the foetus. 
Duration of pregnancy ; 280 days. 



TABLE SHOWING RELATION OF WEIGHTS AND 


MEASURES OF THE METRIC SYSTEM TO APPROX- 


IMATE W 


EIGHTS AND MEASURES 


OF THE U. S. 


MEASURES OF LENGTH. 


One Myriametre 


= 10,000 metres = 


32800. feet. 


One Kilometre 


= I.OOO " = 


3280. " _ 


One Heclomelre 




338.0 " M 


One Decamelre 


( the ten millionth part of a ) 


\z.8o - m 


One Metre 


= J quarter of the Meridian of I = 

l the Earth J 
=^ the tenth part of one metre =^ 


39.368 incheS 


One Decimetre 


3'93^ H 


One Cenlimetre 


_ r the one hundredth part of 1 


■mil) " 1 


One Millimetre 


f the one thousandth part of ) 

- 1 one metre / " 

WEIGHTS. 


■°J9(A) " 


One Myriagramm 




263/ pounds Troy. 


One KLIogiamme 


= 1,000 " = 


S..:;„ :: 




One Decjgramm 




2>i drachms ■■ 


One Gramme 


r the weight of a cubic centi- 1 
= i metre of water at 4= C. /^ 


15.434 grains. 


One Decieramme 


= the tenth part of one gramme — 
_ f the hundredth part of one 1 
\ gramme / — 


1.543 (iji) " 




■>54 m " 




_ ( the thousandth part of one I __ 

\ gramme / 

MEASURES OF CAPACITY. 

10 cubic Metres or the) 


■0'5 CA) " 


One Myrialilre 


= measure of 10 Milliers of [ = 


2600. gallons. 


One KiloliUe 


I cubic Metre or the meas. 1 

- ureoflMiilicrofwaler f" 

100 cubic Decimetres or 


160. 


One Hectolitre 


= the measure of 1 Quintal = 
of water 
(-10 cubic Decimetres or 


16. 


One Decalitre 


= ] the measure of I Myria- = 
( gramme of water 
r cubic Decimetre or the 
= measure of 1 Kilogramme .= 


a.6 " 


One Lttke 


2.1 pints. 










100 cubic Centimetres or 




One Decilitre 


= the measure of 1 Hecto- = 
gramme of water 
iQ cubic Centimetres or 


3.3 ounces. 


One Ceolililre 


= the measure of one Deca- = 
1 cubic Cenlimetre or the 


2.7 drachm* 


; ' 


-= - measure of 1 gramme of = 
IBO 
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Accommodation of the eye 122 

Adipose tissue, uses of in the body 12 
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birth. Z45 

Air, atmospheric, composition of. 48 
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^— — changes in during respiration.. 

Albumen, uses of in the body 12 
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inorganic principles 19 
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Asphyxia 49 
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functions of. 109 
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Cerebellum 105 

forced movements of. 106 

Cerebral vesicles of embryo 140 

Chemical composition of human 
body xo 

■ elements, proximate quantity 

of in body 14 

Chorda dorsalis 136 

■ tympani nerve, course and 
function of. 83, 84 

Chorion 138 

Chyle 31 

Ciliary muscle 120 

Circulation of blood 37 

Claustrum 103 

Cochlea 126 

Columns of spinal cord 92 

Corium 67 

Corpora Wolffiana 143 

quadrigemina 102 

Corpus luteum.» 132 

striatum 103 

Corti, organ of. 104 

Cranial nerves. .„ 77 

Crura cerebri 102 

Crystalline lens 120 
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aitditory 84 

glosso-pharyngeal 85 

pneumogastric. 86 

spinal accessory 88 

— ^— > hypoglossal 89 

■■ cells, structure of. 70 

— — — fibres, terminations of. 73 

^— — force, rate of transmission of... 77 

roots, function of anterior and 

posterior 72 

Nerves, centrifugal and centripetal.... 74 
cranial 77 

■ decussation of motor and sen- 
sory 93 

■ vaso-motor 100 

properties and functions of. 74 

spinal 72 



Nervous system 70 

white and grey matter of. 70, 71 

cerebro-spinal 70 

sympathetic 70 

Nucleus caudatus ^ 103 

lenticularis 103 

OLFACTORY NERVES 78 

Ophthalmic ganglion 118 

Optic nerves 78 

thalamus 103 

function of. 104 

Organs of Corti 127 

Otic ganglion 11 

Ovaries 131 

Ovum 131 

discharge of from the ovary.... 132 

Oxygen, absorption of by haemoglobin 49 

PACINIAN CORPUSCLES 73 

^ Pancreatic juice 26 

Patheticus nerve ^ 80 

Peptones ^ 25 

Perilymph 127 

Perspiration 69 

Petrosal nerves, large and small 83, 84 

Phonation 130 

Physiology, definition of 9 

Placenta, formation and function of... 139 

Pneumogastric nerve 86 

Pons varolii loi 

Portal vein 64 

Posterior columns of spinal cord 92 

fuatctions of, 95 

Prehension 21 

Presbyopia 126 

Pressure of blood in arteries 41 

Proximate principles 11 
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organic, nitrogenized 12 

^■^— of waste 14 
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Ptyalin 23 

PuLse 43 

Pyramidal tracts 92 

-pED CORPUSCLES OF 

*^ blood 34 

Reflex movements of spinal cord 96 

■ ■ action, laws of. 96 

Reproduction 131 

Respiration 44 

movements of 46 

nervous mechanism of. 47 

types of. 47 

— — nervous circle of loj 

Retina..... 120 

OALIVA 22 

^ Sebaceous glands 68 

Secretion 52 

Semi-circular canals 127 

Semen 13s 

Sight, sense of. 118 

Skin 67 

relative sensibility of. 115 

appendages of. 68 

Smell, sense of. 117 

Sounds of heart 39 

Spermatozoa 135 

Spheno-palatine ganglion 142 

Spinal accessory nerve 88 

Spinal cord 91 

membranes of. 90 

structure of white matter... 92 

structure of grey matter 92 

■ properties of. 94 

■ function of as a conductor 94 

as an independent centre 95 

decussation of motor and sen- 
sory fibres 93 

reflex action of. 96 

special centres of 97 

paralysis, from disease of. 99 

nerves, origin of. 93 

course of anterior and posterior 

roots of. 93 

Spleen 57 

Stapes bone 125 

Starvation, phenomena of 17 

Stomach 24 

Structural composition of the body.... 14 

Submaxillary ganglion X12 

Sugar, uses of in the body 12 

Supra-renal capsules 57 

Sudoriparous glands 68 

Sympathetic nervous system iii 

properties and mnctipns of. 113 

npASTE, SENSE OF 116 

•*■ nerve of. 117 

Teeth 22 
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Thoracic duct 29 
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P. BLAKISTON, SON & CO., 

Medical Booksellers, /mpoHers and Publishers, 
No. 1012 WALNUT STREET, 
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THE PQUIZ-COMPENDS? 

A NEW SERIES OF COMPENDS FOR STUDENTS. 

Per Use in the Quiz Class and when 

Preparinj; for Examinations. 

PrIcB al Eieh, Bound in Cloth, II.OO lnlerlaa«ed, tl.2B. 



Based on the most popular text^books, ajid oo the lec- 
tures of prominent professors, tliey form a most complete 
set of manuals, conlaining information nowhere else 
collected in such a condensed, practical shape. The 
authors have had large experience as quii masters and 
altachfts of colleges, with eiceptional opportunities for 
noting the most recent advances and methods. The 
aiTBngenient of the subjecls, illuBtratioos, types, etc, are 
all of the most improved form, and the size of the books 
is such that they may be easily carried in the pocket. 
No. 1. ANATOMY. {TUuBtratod. ) 

THIRD REVISED EDITION. 

A Compend of Human Anatomy. By Samuel O. I.. 

Potter, m.a., m.d., U. S. Army. With 63 II lustrations. 

•' ThE work is rcUabtE ind coinplcle. and just whal ihi >tuden< 
iwedE in r«vicwiii2 llie subject fur hii examinplioiu." — Tkt Ftiyii- 
dam and Smrgraifi Iinitillgaliir, BuSiId, N. Y. 

"To rluHe OQsiriiur to post IheoiKWca txuFTiedly for evunin9tton, 
Uiii little luok vUTbct useliil in tefrniimg the meioDry."— AVo 
Orlrtm Midintl and Surgical Jtarnat. 

" The ammgcmcDi Is weli calculated to facilitate accuisle ncmo- 
Mc'^^JimriUr " eiran gon . if 

Nob. 2 anii 3. PRA.OTIOB. 
A Compend of the Practice of Medicine, especially 
adaped to the use of Siudents. By Dan'l E. Hughes, 
M.D., Demonarator of Clinical Medicine in Jetibrson 
Medical College, Philadelphia. In two parts. 
Past I. — Continued, Erupdve, and Periodii^l Fevers, 
Diseases of the Stomach, Intestines, Peritoneum, Biliary 
Passages, Liver, Kidneys, etc., and Geoera! Diseases, etc. 
Part II, — Diseases of the Respiratoiy System, Circu- 
latory SyEtcm, and Nervous System ; Diseases of the 
Blood, etc. 

*,* These little books can be regarded as a full set of 
Holes upon the Pmcticc of Medicine, containing the 



THE I QUIZ-COMPENDS I, 

Synonyms, Definitions, Causes, Symptoms, Prognosis, 
Diagnosis, Tteatment, etc., of each disease, and inclnd- 
ing a number of new prescriptions. They have been 
compiled from the lectures of prominent Professors, and 
reference has been made to the latest writings of Pro- 
fessors Flint, Da Costa, Reynolds, Uartholow, 

RoBKRTS and others. 

" II i^ bri^r and CDncUe, anil at the une time poubsa ao iiccu' 
racr not generally found in compends." — ^cu. M. fi'rtHck, M.D., 
Au-t la Ikr Prn/. ^Ptaelict, MtdiciU CtUtKiitf Ohit. a<Kitmati. 

An unuiuany .uptrior'SoDfc!"— i^ Y^Tawn'otmotulraiiir 
if Cliniiil Midii^ni, Unitm-iilp^ Pmrnloania. 

Ae Quii-duj of the°UBlven?ty'rf™."^y 'jV.'Yi-.'^, AV™ 

" Dr. HugbcK h>s pjcpand a verf useful little book, and 1 shall 
take plcature in adviiiHB my class to use ii." — Dr. Gttrrt iK 
Hall. Prqftiat qfPracfici, SI. Lima OUlig, nf PkjtUiam nd 

"^""' No. 4. PHYSIOLOGY. • 

A Compend of Human Physiology, adapted to the use 
of Students. By Albert P. Brubakkr, u.d., De- 
monstrator of Physiology in Jefferson Medical College, 
Philadelphia. 
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So. 5. OBSTETRIOS. 

A Compend of Obstetrics. For Physicians and Students. 
By Henry G. Landis, m.d.. Professor of Obstc tries 
and Diseases of Women, in Starling Medical College, 
Columbus. Illustrated. 

a/ Oislrlrlct. 

" It ii compteK, accurate and tdentliic. The very beil book nl 



Prh» ol aadi Book, Cloth, ti.Ol 



ived for Notes, t1.2B. 
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No. 6. MATERIA MBDIOA. 

A Gjmpend on Materia Meriicn and Therapeulica, wilh 
especial reference to the Physiologicil Actions of 
Drugs. For the use of Medical, Dental, and Phanm- 
ceutical Students and Practitioners. Based on the New 
Revision (Sixth) of the U. S. Pharmacopceia, and in- 
cluding manj unofRcinal remedies. By Samuel 0. 
L, Potter, M.A.,M.D., U. S. Army. 

" I hive eiamined Ihc lilllc volume urafully, and Rpd it jint 

nich ibmksE I regiuTeinmy private Quii. and shall unaioly rc- 

Gommimd ix to my dassei. Your CooiMEidB aic all popular hdre ia 

Waihlngion,' VJWn E. Brackitl, M.D., Pt^isibt i>/ Materia 

atidica and TTuratclMcs. Hrmard Midicai Celltrt. WaihiiKUn. 

" Ful of IsETiea of small but valuable Wxt-baolu. . . . Willie 

I work itaowins to Its thtrapeullc c 

rdical ituacni, the phannaceuiical alt 

infnni.nrinn /mm f- '■ V V PtH-^* 



Srinfonuadnnfioio fl,"— A". Y, PharmaituHcal Ri 

No. 7. CHFIMTSTBT. Revised Hd. 

A Compeiid of Chemistry. By G. Mason Wakd, M.n., 
Demonstrator of Cliemistry in Jefferson Medical Col- 
lege, Philadelphia. Including; Table of Elements and 
various Analytical Tables, 
•• Brief, hut excelknt. ... It vrill doubtlesi prove au admirable 

aid to ibeatudcnl, by hiinEthesElains in his memory. It is worthy 

the study of iHiEh medical and pharmaceutica] siudeuts in ttiii 

^nada:'—PharNiai:iittical Eicord, Nm York. 

No. 8. VISCERAL ANATOMT. 

A Corapend of Visceral Anatomy. By Samuel O. L. 
Potter, m.a., m.d., U. S. Army. With 40 IllustratioQfl. 
V This is the only Compend Ihal uontaiiis full deacr^prious of the 
Tlacera, and will, together with No, 1 of this scries, form the only 
camfUli CimifiHilot Anatomy publiibed. 

No. 9. StrRaEB7. Blnstrated. 
A Compend of Surgery; includitig Fractures, Wounds, 
Dislocations, Sprains, Amputations and other opera- 
tions, Inllsmuiation, Suppuration, Ulcers, Sypbilis, 
Tumors, Shock, etc. Diseases of the Spine, EaJ-, Eye, 
Bladder, Testicles, Anus, and other Surgical Diseases. 
By Orville Horwitz, a.m., m.d., wilh 43 lUustra- 

PclcB ol Each, Cloth. fl.Ol 



THK TQUIZ-COMPBNDE! 

No. 10. OROANIO CHEMISTRY. 

JUST PUBLISHED. 

A Compend of Organic Chemistry, inclndLng Medical 
Chemistry, Urine Analysig, and the Analysis nf Water, 
and Food, etc. By Henrv Leffmann, m.d., Pro- 
fessor of Clinical Chemistry and Hygiene in the Phila- 
delphia Polyclinic ; Professor of Chemistry, Penn- 
sylvania. College of Dentai Surgery ; Member of the 
N. Y. Medico-Legal Society. Cloth. Si.oo. 

Interleaved, for the addition of Notes, 81.2S- 
Nanire of Or^nic ] 
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The Essentials of Pathology. 

BY D. TOD OILLIAM, M.D., 

Prefmor o/Pkyticlsgy m Slirling Midk<U Ccllrei, Cslumbx!, O. 
with 4T Illustration 9. 12iiid. Cloth. Prln 12.00, 

*«*TheDbjeclof thlsboDlc is to unfold to the btfinner ihc fimda- 
meiuala of pathclDgy in a plaln.pTacIlcaliiva)^, and ^y bringing ib?in 

the subject. Though it will not altugether luppLut larger works, 
il will Tie found 10 impart clear-cul conceptioiu of the geneially 
■Gcepted doctrines of IDC day, and to prcvont confusion In the mind 
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PHYSICAL DIAGNOSIS 

Diseases of the Heart and Lungs. 

A MANUAL FOR STUDENTS AND PHVSICIANS. 
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STUDENTS' MANUALS. 



TYSON, ON THE URINE. A Practical Guide lo 
Ihe EnaininiUion of Urine. For PhyMciiDS and SlU- 
dtnls. By James Tysun, m.d.. Professor of Palh- 
oliijO' and Morbid Anatomy, University of Pennsylva- 
nia. With Colored Plales and Wood Engravings. 
Fourth Edition. lamo, cloth, Ji.jo 

HEATH'S MINOR SURGERY. A Manual of 
MincFT Surgery and Bandaging. By Christopi£EK 
HfAtH, m.d., Surgeon lo Univeraily College Hospilal, 
Loinlon. 6lh Edition, 115 111. l2ino, cloth, S2.00 

REESE. A MANUAL OF MEDICAL JURIS- 
PRUDENCE and Toxicology, for Studenls end 
Fhvsicians. Small Svo, 550 pages. 

VIR'CHOW'S POST-MORTEMS. Post-Mortem 
Examinations. A Description and Eiplanation of the 
Methods of Perfonning them. By Pkop. RueoLPH 
VmcHOW, of Berlin. Translaled by Db. T. B. Smttk. 
2d EJ. 4 Lithographic Plates. lamo, clolh, B1.25 

DULLES' ACCIDENTS AND EMERGEN- 
CIES. What To Do First in Accidents and Emer- 
gencies. A Manual Explaining the Treatment of 
Surgical and other Accidents, Poisoning, etc. By 
Chakles W. Dulles, m.d., Sui^eon Out-door De- 
partment, Presbyterian Hospilal, Philadelphia. Col- 
ored Plate and other Illustrations. 32010, cloth, .75 

BEALE, ON SLIGHT AILMENTS. Their Na- 
ture and Treatment. By Lionel B. Eeale, m.d., 
P.K.S. Second Edition. Revised, Enlarged and Illus- 
trated. 283 pages, Svo. 

Paper covers, 75 cents; cloth, (1.25 

ALLINCHAM, ON THE RECTUM. Fistula, 
Hemorrhoids, Painful Ulcer, Stricture, Prolapsus, and 
other Diseases of the Rectum ; Their Uingno&is and. 
Treatment. By Wm. Allingham, m.d. Fouith Re- 
vised and Enlarged Edition. Illustrated. 8vo. 

Papier covers, 75 cents; clolh. {1.25 

THOMPSON, ON THE URINARY ORGANS. 
On Disc.iscs of the Urinary Organs. By Sir llE^RV 
Tf(cjMF-sON,M.li.,l-Mt.c.s. Seventh Edition. 84 Iltus- 
tralionB. Svo, Paper covers, 75 cents; cloth, Ji,25 



STUDENTS- MANUALS. 

MARSHALL AND SMITH, ON THE URINE. 

The Chemical Analytis of ihe Utine. By John Mar- 
sh all, m.d.. Chemical Laboratory, Univeruty of Penn- 
sylvania, and Prof. E, F. Smitk. Illus. Cloth, (l oo 

MEARS' PRACTICAL SURQERY. Surgical 
Dressings, Bandaging, Ligation, Amputation, cic. By 
J. EwiNC Meaks, H.D., DemoDstTBtor of Surgery in 
■jefFeison Med. College. 31-} Illus. 2d Ed. In J'ress. 

HOLDEN'S ANATOMY. A Manual of the Dis- 
section of the Human Body. Fifth Edition, Revised 
and Enlarged, with over 170 lllustralions. 

BLOXAM'S LABORATORY TEACHINGS. 
Progressive Exercises in Practical Chemistry. By Prof. 
C, L. Blojcam. 89 Illustrations, ijmo. cloth, J(,7S 

TYSON, ON THE CELL DOCTRINE; its His- 
tory and Present Slate. By Prof. JamES Tyson, M.U. 
Second Edition. Illustrated. izmo, cloth, S2.00 

MEADOWS' MIDWIFERY. A Manual for Slu- 
denla. By ALFRED MEADOWS, M.D. From Fourth 
LondoD Edition, 145 lllustralions. Svo, cloth, (a.oo 

WYTHE'S DOSE AND SYMPTOM BOOK. 
Containing the Doses and Uses of all ihe principal 
Articles of Ihe Materia Medica, etc. Eleventh Edi- 
tion. 3zmo, doth, f 1.00; pocket-book style, f 1,25 

PHYSICIAN'S PRESCRIPTION BOOK. Con- 
taining Lists of Terms, Phrases, Contractions and 
Abbreviations used in Prescriptions, Explanatory Notes, 
(Irammatical Construction of Prescriptiotis, etc., etc. 
By Prof. Jonathan Peheira, m.d. Sixteenth Edi- 
tion. 3zmo, doth, (1.00; pocket-book style, 81.25 

POCKET LEXrCONS. 

CLEAVELAND'S POCKET MEDICAL LEXI- 
CON. A Medical Lexicon, containing correct Pro- 
nunciation and Dehnition of Terms used in Medi- 
cine and the Collateral Sciences. Thirtieth Edition. 
Very small pocket siie. Red Edges. 

Clotli, 75 cents; pockel-book style, f 1.00 

LONGLEY'S POCKET DICTIONARY. The 
Student's Medical Lexicoo, giving Detinition and Pro- 
nunciation of all Terms used in Medicine, wilh an 
Appendix giving Poisons and Their Antidotes, Abbre- 
viations used in Preactiptioni, Metric Scale of Doses, 
etc. 24mo, clolh, fl.oo; pocket-book style, (1.25 



ROBERTS' PRACTICE, 

,-, , imi ffarimrd aUgii, 

ntr Iwtnly a/ker Mfdieal Sc/kao^^ 
A HANDBOOK OF THE THEORY AND PRACTICE OF 

MEDICINE. By Fkeshbicic T. Rdbbits, H.D., HH.C.F., 
ProftHor of ClloioJ Mcdiane --'■"- - - ■- "---— 
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BIDDLE'S MATERIA MEDICA. 

NlHTH RBViaSD EriT!OH. 

Rieemmndld at a Trxt-isok at Vali CslUgr, Unhxrii^ t/ ' 

MicUgan, Colligi ^ Pkyiiciass and Surgions, Ballimiirt, 

BallimsTI Mrdkal CMigc, LaHimilU Mtdical ColUrr, 

andanHmitrf/Btktr Calltgti Iknug/uaHkt U.S. 

BIDDLE'S MATERIA MEDICA. For the U>e of Siudens and 

Phyiiciani. By >he Ute Fbof. Jorh B. Biddle, h.d., Frofu- 

lor of Materia Medica lu Jeffenon Medical College, Philadelpbia. 

The Ninth Edition, thoroughly reviwl, and in many paru re- 

wriltcD, by his un, Clskekt Biduli, m.u.. Past A»lBtaDI 

Surgeon, D. S, Navy, nssiiled by HaHav Moimit, n.n. 

OLOTH,S4.00; LEATHER. 84.76. 
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ntiue. This work 
«il> most valuable, 

—aucafB Mid. yt. 



STAND ARD TEXT -BOOKS. 

BLOXAM'S CMBHI8TRY. Inorganic nod Ois»oic, wilh Ei- 
pciincnu. Fifth Edition. ReviKifaiid lUuitmed. 

8vo,Qlplh,j3,;si l»tlier, *4.75 

CARPENTER ON THE MICROSCOPE and lot Rcve1»i^ia. 
Siilh Edillnn, Enla^ec^d. Wilh ;« Illiutntioni and Coloicd 
Plate. handiomcJy pnnKd. Demi flvo, clolh, tt.s- 

DRU ITT 'S SURGE RV. A Manual of Modem Sursery. eW- 
enth London Edition. ,65 lUmitralioia. Dem! a™. ct«h.fcj« 

FLOWER, DIAGRAMS OP THE NERVBS of the Humim 
Body, Origin. Divisions, Conneclionselc, 410. Clolh, ti.5a 

CAI.LABIN'S MIDWIFERY. A Manual foi Studenls. Iniii- 

GLISAN'S MODERN MIDWIFERY. A T " ""' 

IlluslotioDS. Bvo, ctoih, U.rr- 
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